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Note. 

The &cts contained in this report have been greatly inoreasnl in niirnl • r l»y ilie 
liberal contributions of our citizens. Information of the nio<t valuaM' kiii<l \i:i< 
everywhere been freely given. Wherever it has been possible eredit li:i- !>•• n Lnv^-n 
for this in the body of the work. And it wonkl bo inviilion>< to l»e^rin (<• riuii(i<.ii 
here the names of our citixens who have aided tlie j<iirvLy. li should In- -t;ii.'<], how- 
ever, that for the large collection of clays frotn outside of ilu' StMtv. wlii. h ;ir.. lU' n- 
tion in the appendix, and which are so useful for eompMrisr.ii, w*- art- iiid.l.i. d i.. ilic 
friendly aid of Alex. L. Holley, Escj., of New York ciiv. who -. cur.d ih.m tMi- n- 
from his numerous professional correspondents anioni: ihu ir^n inaiii:,. i .i. r- . \« ly- 
where. 
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The following report is intended to present an intelligible 
description of the clay deposits of New Jersey. They have long 
been known, but their importance and extent have been under- 
stood only for a few years. Their uses for common earthen and 
stoneware pottery, first attracted attention about the beginning of 
the present century. Clay from Morgan^s clay banks at South 
Amboy, was used in making stoneware at Van Wickle's pottery 
at Old Bridge, now Herbertsville, about 1800. Ebenezer Price, 
Ebenezer Price, Jr., and Xerxes Price purchased the property at 
the Roundabout, now Sayreville, on the Raritan, in 1802, and 
began making stoneware pottery, using for the purpose clay from 
Morgan's banks, at South Amboy. The use of the stoneware 
clay for pottery gradually extended, and it is now carried to pot- 
teries evervwhere aloncr our Atlantic coast. 

The use of New Jersey clays for making fire brick and other 
refractory materials began after the war of 1812. Mr. G. W. 
Price, of New Brunswick, informs me that his father carried a 
vessel load of fire clay from Woodbridge to Boston, soon after 181G. 
It was dug on Mr. CotheaFs property, and was used for making 
fire bricks ; and Mr. Price thinks it was the first load sent from 
Woodbridge for this use. Mr. Samuel Dally, of Woodbridge, 
says the white Woodbridge clay was known to the soldiers quar- 
tered at Perth Amboy, before and during the revolution. They 
called it fidlei-^s earthy and used it for cleaning their buckskin 
breeches. About 1820 Jacob Felt, of Boston, bought 50 tons of 
the clay of Jeremiah Dally. He paid 25 cts. a ton, in the ground, 
for it. This was shipped to Boston ; and it was sent on regularly 
to the same place, from that time onward for many years. It 
was used in satining wall papers in Philadelphia in 1835, by 
Howell & Brothers. J. R. Watson, of Perth Amboy, began the 
manufacture of fire brick in 1833 and had his works in regular 
operation in 1836. Gordon, in his GazeUeer of New Jersey^ pub- 
lished in 1833, says " extensive beds of white pipe clay, composed 
1 
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.principally of alumine, and infusible, have been observed between 
.•.;Woodbridge and Amboy." 

•/•/ So little, however, was known of its extent and uses, in 1810, 
•• that Prof. Rogers, in his Final Report on the Geoloiry of New 
Jersey, published that year, says "about one mile sonlhwest of 
Woodbridge, near the level of a small stream, on tlie road to 
New Brunswick, there occurs an insulated deposit of wliito clay 
and white sand, in which both materials are of remarkable purity. 
This local bed is surrounded by the red-shale rocks of tlie middh 
secondary series, and would seem to be a remnant of tlie lower- 
most la^^ers of the upper secondary group, lying in a depression 
of the surface, where it has escaped removal during tlie general 
denudation of the strata. 

"Beneath about ten feet of reddish diluvial matter derived 
from tlie adjoining red-shale, we find a bed of pure white sand. 
regularly stratified, and dipping gently westward. Its thicknt s-* 
is about ten feet. This sand is much esteemed as an ingrediont 
for the manufacture of firebricks. Underneath the sand 11* s tho 
white clay, in a bed about eight feet thiek ; when dry it is m ry 
nearly white, some portions of it, however, have a very sliLilii 
bluish tinge. It is much used in the manufaetureof i)0tt(M-y and 
firebricks. The purer varieties are admirably a(lai>t(<l i'nv 
making the glaze for paper hangings, being emjdoyed for this 
purpose. About three-fourths of a mile southwest of this c\y:\ 
vation, another similar deposit is ex{)osed in some reetiit dii:- 
gings. The clay at the latter place sur]>asses even that ot tht 
former in whiteness, and in its exquisite snioothnes.'^ of t«'\liirt\ 

"In the desciending order, the beds at this plaer arc, lirst, AWw 
vial matter ten. or twelve feet thiek, then a layrr of -aii<i. jiiid 
under this again the clays, between seven and eight tV' t !hi< k/ 

In the Geological Report for 1855, statistics eoUect^il -liowrd 
that clay for making 50 million tire bricks was takm y; mlv 
from the pits at Woodbridge, Perth Anihny, and South Aiiil".y . 
2,000 tons of clay were sold for taring pa{Mr liangiug^ L\orM' 
tons for making alum, and a .considrral'l«' (juantitv i'ni' i^iakiiiu 
fine pottery at Jersey City, Trenton, aial (ri((u p(.;iij. .Mvcut 
10,000 tons a vear of stoneware elav \\( r<' in <m|( d to -im'Iv \]\r 
demand. The Geology of New Jersey. l^*,s, -liuw> an ii-na-i 
in the aggregate of clays dug for mavki^t .»f alunit (l(.i;i I • ihr 
quantity dug in 1855. 
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The Geological Report for 1874, pages 42 and 43, says : 

^* It is estimated that two hundred and sixty-five thousand tons 
x)f fire clay are dug annually in the places mentioned above, and 
sent into market for making fire brick, fine pottery, sewer pipe, 
terra cotta ware, retorts and crucibles, facing for wall paper, 
alum, &c. The prices at which it is sold vary from $1.50 to $13 
a ton, according to its quality, but its average price may be 
safely set down at $3.50, which produces an aggregate of $927,- 
500 for the amount of annual sales of the fire clays. 

"The amount of stoneware clay dug annually in the vicinity 
of South Amboy, is estimated at twenty thousand tons. It is 
shipped to all parts of the United States, and supplies the mate- 
rial for most of the stoneware that is used in the country. Its 
price varies slightly, but an average is near $4 a ton, the aggre- 
gate of which is $80,000 a year. 

" Fine earthen ware was formerly imported almost wholly from 
Europe, but within the last ten years potteries have been estab- 
lished at Trenton, which have been remarkably successful in the 
quality of the wares made and in finding a ready market for 
them. There are now twelve potteries in Trenton^ which employ 
about one thousand men, and one thousand women and boys, and 
turn out $1,500,000 worth of ware annually. The ware made is of 
the common white earthen and ironstone, and its quality is now 
fully equal to the best English ware of those grades. The manu- 
facture of such ware was verj' limited at the beginning of the 
late civil war; it has now grown so as to supply a quarter of the 
demand in the country, and the market for it is still kept up, 
even under the present financial distress. A few years more of 
like progress, and we shall be able to fully supply the demands 
of our own market, and from the peculiar advantages of New 
Jersey, in regard to materials, fuel, and markets, it must become 
the centre of such manufactures." 

The business depression which has been continued from 1873 
to the present (1877), has greatly shortened the demand for clays ; 
but it must revive again with the general improvement in finan- 
cial matters. The manufacture of pottery has continued to pros- 
per and grow even during the present stagnation in trade. 

The abundance of the clay, its superior qualities, and its con- 
venience to market, have made it almost essential to the success- 
ful prosecution of some of the great industries of our country. 
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And the progress of manufactures gives it promise of still greater 
importance in the future. 

This report with its maps, drawings and descriptions will aid 
explorers in searching for new locations for digging clay, in 
enabling owners to judge of the value of their lands, and in 
directing buyers of clay to the various qualities of the material 
and the sources for their supply. 

The work is based on the explorations of the survey m 1855, 
and on the results of the work as published in the Geology of 
New Jersey in 1868. But in the fullness and accuracy of its de- 
tailed descriptions and drawings, it is largely the work of As- 
sistant Geologist, Prof. J. C. Smock. 

The beautiful map of the clay district was drawn by the late 
James Kennedy Barton, C. E., and his own surveys and levels 
furnished nearly all the material for it. In addition to the mat- 
ter on ordinary maps, it gives the elevation of all parts of its 
surface above the sea. The numerous analyses of clays have been 
made by Mr. Edwin H. Bogardus, in the laboratory of the 
Geological Survey. They furnish an addition to our knowledge 
of fire and potters' clays, and will be appreciated wherever such 
materials are used. 

In the arrangement of the various details of the report. Part I. 
treats of the geography and topography of the Middlesex county 
clay district, and of its place in the general geology of New 
Jersey. Part II. describes the geological structure of the clay dis- 
trict of Middlesex county, with full local details. It gives the 
extension of the Middlesex clays across the State and along the 
Delaware River. It also gives the clays of southeastern New 
Jersey, and those of northern New Jersey. Part III. gives the 
composition, properties and origin of the clays. Part IV. shows 
the economical uses of the clays. Part V. gives statistics of 
peculiar products of the clay districts, directions for exploring 
for clay, digging and mining clay, and some account of its rela- 
tions to transportation and market. 
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ON THE GEOGRAPHY, TOPOGRAPHY AND GEOLOGY OF THE CLAY DISTRICT 

OF MIDDLESEX COUNTY. 

The clay district, which is the chief subject of this report, in- 
cludes the portion of Middlesex county which lies along the 
Raritan and South rivers, and the Woodbridge and Ches(|uake 
creeks, and extends from Woodbridge on the north to the Mon- 
mouth county line on the south ; and from Staten Island sound 
and Raritan bay on the east, to Martin's dock, and the mouth of 
Lawrence brook on the west. Its boundaries are as follows : be- 
ginning at the northeast on Staten Island sound near the mouth 
of Woodbridge creek, the line runs west southwest up that creek 
till opposite Ed yar station on the Woodbridge and Perth Amboy 
railroad, which is three-quarters of a mile north of Woodbridge; 
thence from the creek running west and southwest near the old 
Woodbridge and Metuchen road, and intersecting the Metuchen 
and Bonhamtown road a half mile north of the latter village; 
thence southwest through Piscataway to Martin's dock on the Rar- 
itan river; south of the Raritan river its western limit may be 
said to be defined by Lawrence brook and the Old Bridge and 
New Brunswick turnpike; the southern boundary is not plainly 
marked, but it may be approximately described as running from 
Old Bridge to Jacksonville, and thence to the Monmouth county 
line, near Raritan bay shore; and the waters of Raritan bay and 
Staten Island sound, being the State line,* limit it on the east. 

On the northwest the clay district joins that of the red-shale 
and sandstone, and the frequent outcrops of the latter make the 
location of the northern boundary of the clay easy and accurate. 
Towards the west the boundary is entirely arbitrary, the later 
geological deposits, over which the Old Bridge and New Bruns- 
wick turnpike runs, being without any breaks, and effectually 
concealing the underlying formations. Indeed, it is probable that 

* Creologrlcally, tbia clay district extends over a part ur tbe Houth end uf Staten Island, and proimbly 
to Long liuAod also. 
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the equivalent of the clay is not limited by the boundary a]>ove 
given; but that like all the other deposits of the cretaceous 
formation it extends entirely across the State in a soutIn\ estcrly 
direction to the Delaware river, and beyond. In tlie Hat and 
sandy country south of the South river, and stretcbinu ta<t a> 
far as Jacksonville, yellow sand and gravel drift reach down tu 
tide level, and so effectually discourage explorations for clay 
that this boundary must be considered the limit of ihv di-(ri( i 
in wliich clay can be profitably dug, rather than tlie end oi tlu 
beds of clay. From Jacksonville to the bay shore the uutcroj - 
ping clay-marl accurately defines the southeastern nuiri;in «>t 
the clay district. The map accompanying this report sliows tin 
whole of this district which produces clay, including all the |»it^ 
of the county and of the adjoining parts of Statin islan<l, ir 
wliich fire clay or stone-ware clay is dug ; but it does n(»t exhihi': 
the whole area of the county in which clay may, [JOssiMy, yet hi 
found. The belt of country underlaid by the plastir clays rx- 
tends entirely across the State, and includes an area vt ojn 
square miles. In this area it is i)Ossible nuich valuahle (lay 
land may yet be found which can be worked to |)rolit. 11 k 
area of the clav district of Middlesex countv within wliich i- 
included all the clay pits at present worked is only (*)8 s<|U;in 
miles. 

The map of the clay district, whicli accoin|)anies this ro}H:]; 
exhibits the above described boundaries and area on a scale <! 
three inches to a mile. It will be further dt'serihe^l in its irhi 
tions to topography and structural geology. 

Although this district borders the tide waters uf S(au*ii i-laih! 
sound and Raritan bay, and is intersected Itv the tidr watn- n- 
Raritan and South rivei^, and l)elongs in the p'Ut ral Atiaiiii. 
slope of the country, it has not the flat suriaee, cr *:i uvi;.l Imh- 
seaward slope which are such marked features of jnr,.-i .'t" (helaiid 
along our coast. On the contrary, the snrfaee is uiavt n. and ii^ 
average elevation is quite as great a> tijat of tin- i\(l .-ainl-MU:* 
country on its northwest border, or th« marl rr;;l(.ji <in ii- >'>iiiii 
east. North of the Raritan river nraily all (ijr miaiid ii:i- ai: 
elevation exceeding 30 feet, and lully ciu' linril of w i- < \< i H'o 
feet above tide water level. Thisaira i- - i:i).Ii\ al.-.j 1 \ a -• ' ^ -;■: 
hills or flattened ridgeswhich extend -'(;;l|.a-i lion inr >ii ri 
hills near Metuchen to Perth Anil»o\. I i.. I'ui!; \!:;lu.vai(.' 
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Metuchen road runs almost level, high up on the side of this 
elevated ridge. From this elevated ground as the water shed, the 
drainage is northeast and east into Woodbridge creek and Staten 
Island sound, and southward into the Raritan river. Poplar hill 
is the highest point in this ridge or chain of hills, and the highest 
in the district being 240 feet above tide level. From Ford's 
Corners westward to Bonhamtown, and thence southwest to Pis- 
cataway, the old road runs on high ground, most of the way 
about 100 feet above tide. Bordering the sound and along Wood- 
bridge creek there is a narrow fringe of tide marsh. The largest 
body of tidal meadow, however, is along the Raritan river. That 
on its north side extends the whole distance from Martin's dock 
to the Grossman Clay Company's works, and is from a half mile 
to a mile wide, and nearly five miles long. On the south of this 
stream there is but little tide marsh on the shore of the bay ; 
Chesquake creek is widely bordered by tide marsh from its mouth 
to its head ; there is a fringe of marsh along the south shore of 
the Raritan between South Amboy and Kearney's dock, and 
smaller patches from there up to Sayreville, and a much larger 
tract above Sayreville about the mouth of South river, and stretch- 
ing up that stream nearly four miles. The area of the district, 
which is tide marsh, is as follows, in acres: 

TOWNftHIPS. ACKE8. 

Perth Ambov '. 403 

Woodbridge 690 

RaritAii 2,067 

East Brunswick 673 

Sayreville 1,797 

South Amboy 40 

Madison 1,568 

Totol , 7,238 



$ 



The surface of the quadrilateral area bounded by these streams 
and Raritan bay is nearly all 40 feet and upwards above tide- 
level, and a large part of it is about 100 feet high, while a num- 
ber of hilltops are from 140 to 180 feet in height. These hills 
are irregularly grouped. One ridge of 100 to 180 feet high can be 
traced from Sayreville southeast, east, and again southeast nearly 
to Chesquake creek. The Burt's creek and Jacksonville road 
runs a little east and northeast of the crest line of this ridge. 
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West, southwest and south from South Amboy, most of the sur- 
face is between 100 and 140 feet high. The Camden and Amboy 
railroad cuts through this high ground near the 8a\ n vilU- road, 
ascending from the depot at South Amboy, to an elevation i^( loo 
feet near this road, and descending a little near the v lay })its nf 
W. C. Perrine and E. R. Rose, and again runnin;:: u}> in inii iVet 
across the ridge near the Burts creek and Jacksonville road. It 
runs for over three miles on the watershed between tin sIk am- 
flowing north and west into the Rari tan and South river-, and those 
flowing east and south into the bay and Chesqmike ei' rk, 1'he 
slopes of the upland toward the Rari tan and South rivers areroin- 
paratively gentle, and terminate, except in a IVw ea>'^. in lidi 
marshes. South of South Amboy, along Raritan hav and np 
Ghesquake creek, the upland is high quite to tlie wa:( i «u nntrslj. 
and forms bluffs that mark clearly the upland iVoni 'I.e inarsli. 
The New York and Long Branch railroad rnns ai H. hasc of 
these bluffs from South Amboy to the Cliescjuake en k at Mor- 
gan station. 

TABLE OF ELEVATIONS IN THE CLAY DISTRICT OF MIDDLESEX COUNTY, 

TAKEN WITH AN ENGINEER'S LEVEL. 

The following table of elevations, aseiMtained hy h'Vrlinu. ^zivr- 
the heights- at many easily identified i»oint-«. TIm y \V( re -"] 
from railroad surveys, and surveys nnnle for the (urM<>ui*ai Sur- 
vey. The maps give many additional hei^dits ot liill- and ei"r<t- 
of ridges. These, with tlieconiour lines, show l)oth iho elcviitjon 
and the shape or configuration of the eonntry, mm h i-. n< i liian 
any verbal description. 

The figures give the elevation in feet ahove nean n: I- wa'o r 
level. 

vieiN'iTV or u«M>i>iu:ii'<a:. 

] •■■ r. 

David Flood's clay bank, /oor of })1 at fonn sea It - . .•• 

David Avers' clay bank, /oor of otlire ^>." 

/•Voor of bridge, near D. Shotwell's li(ni>v, old W'.-iuii.: i,|._;. ;,i;.: \\- ; . -" 7 

*S'Mi/(ce of water in brook under the liridt'' -^ ." 

Floor of bridge, above-mentioned rojid, nn<l oiu \r\\> \. 1 ' 

bridge 7-" 

«Summ// of hill, Ntw Brunswick and Woodhrl*!-' 1 , i, > . .1 ; ^ 

houj*e !':.<» 

Same road, near I. Liddle's hou>e . !'J" 



TABLE OF ELEVATIONS. 9 

^ Feet. 
Same road, Mdge over brook from Mutton Hollow, top of stone abotment, 

northwcflt comer 5^.0 

Surface of road, David Flood^H tenant liousc, north of Mutton Hollow lOS.O 

H. CutterV platform scales, on road to his pit^ 37.0 

Woodbridge and Perth Amboj road, Spa Spring brook bridge, top of north- 
west parapet 8.4 

Perth Amboy road, comer of road to Cutter's dock, surface 20.0 

PERTH AMBOY AND WESTWARD, NORTH OF THE RARITAN RIVER. 

Track, E. & A. R. R. and N. Y. & L. B. R. R. crossing 50.0 

Summit on E. & A. R. R., nrar Ford's corners 94.0 

E. & A. R. R. track, crossing New Brunswick and Woodbridge straight road... 89.0 
Metuchen and Perth Amboy and New Brun^^wick and Woodbridge roads inter- 
section, surface. 105.0 

Bridge /oor on Florida grove road over the E. & A. R. R 101.0 

Surface at Benjamin Valentine's gate, near Florida grove 67.0 

Summit, New Brunswick and Perth Aml>oy road near the Eagleswood road 104.0 

Surface corner of road north northwest of Manning House (hospital) 122.0 

Surface, at Manning clay shaft. 103.0 

Centre of New Brunswick road, opposite entrance to Eagleswood 98.8 

Flooring of eulverty New Brunswick road at corner of road on the west line of 

Perth Amboy 108.7 

Railroad track over small culvert at entrance to Phillip Neukumet's clay bank 38.4 

RaU at end of track, E. F. Roberts' pits 84.4 

Surface, west end of grinding pit house at old brick yard, Raritan Clay Com- 
pany ■. 40.6 

Frog of switch at junction of railroads from pits of Chas. A. Campbell & Co... 14.5 

Surface, New Brunswick and Perth Amboy road, at "Half-way House" 86.0 

Surface, New Brunswick and Perth Amboy road, at west end of pits of Samuel 

Dally 77.4 

Surface^ pits of Samuel Dally, near red house at pits of N. J. Clay and Brick 

Company 73.0 

Top of post near corner of road leading to pits of R. N. & H. Valentine 108.2 

Top of platform of David Flood, side of N. J. Clay and Brick Co.'s railroad... 45.4 

Platform of scales near office of R. N. & H. Valentine 78.5 

Railroad track, at the scales of N. J. Clay and Brick Co 41 

New Brunswick road, surface in front of David Mundy's house, east of Bon- 

hanitown 112.0 

New Bmnswick road, surface in front of Martin Schoficld's house, half-mile 

east of Bonhamtown 103.0 

Railroad tracky entrance to gravel pit of P. R. R. Co., north of Bonhamtown... 67.0 

WASHINGTON TO SOUTH AMBOY. 

Brick pavement (west end) in front of M. E. Church, Washington 67.5 

Lower rail on curve of track entering Willett & Yates* brick yard, Washing- 
ton 16.6 
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Sayreville, surface in centre of road in front of M. E. Church 11.4 

Sayreville, siurface at frame bam of Sayre & Finher, near the tire brick woi ks., 20.0 
Sioffaee, Washington and South Amboy road, comer of road to Whitclie.'KVs 

dock 4'».() 

Surface^ Washington and South Amboy road, Such's railroad crossing' \\S> 

Summitf Washington and South Amboy road, between Sucli's gate and Kolnrts' 

west pits 14. 1 

Summiij on road from Roberta* pits to Keamey^s dock '>l.s 

Such's railroad track, at clay works l').s 

Street, in front of R. C. Church, South Amboy 17. o 

Surface, southeast comer of R. C. cemetery, main street, South Ambuy ll'i*.') 

Summit of hill south of the village 1 11.*> 

i*7oor of bridge over C. and A. R. R., Washington road ]lo.O 

MADISON TOWNSHIP. 

iSui/ace, South Amboy and Jacksonville road, at corner of road lo Tlicndon' 

Smith's clay pits ^O.o 

Surface, in front of E. Disbrow's house, on road lo Theo. Smiili's clay pit^ 15.0 

Surface, north corner of Fitznack'H house, at Theo. Sinitirs clay pit- '.^.■") 

Otto Ernst's clay mines, ytoor at top of shaft of ISOS ol.;> 

Otto Ernst's clay mine», floor at top of shaft of 1874 -~J'* 

ELEVATIONS OF EACH OF THE CLAY BEDS AT VARIOUS POINTS IN THE 

DISTRICT. 

RARITAN CLAV BKI>. 






Geo. W. Ruddy's pits, south end, surface of clmj 

Geo. W. Ruddy's pits, near house, mrface of clay 

Wm. B. Dixon's clay, top '-1 

New Jersey Clay and Brick Company, lop II 

David Flood's fire clay, southeast of Bonhaintown, top of <■!>(;/ 17 

David Flood's southwest pits, top of clay 1^ 

Geo. Phoenix's clay pits, north of Bonhaintnwn, to}i of clay 7<' 

W. C. & E. Mundy's pits, north of Bonlianitown, fo}t of claii 77 

Carman's brick yard, north of Bonliamtowii, /'7> o/' W(/v 7^ 

Charles M. Daily's pits, south of BonhaFiitown :m<l ni>rili nrtlc l\:irii:iii ii\i r, 

top of day, [below tide] 1 1 

WOODBRIDGE FIKK ( I.AV WVAk 

WOODHKIIXJE \S\) Vl< IMIV. 



Wm. P. Edgar's bank, top of clay 

Wra. P. Edgar's bank, 120 feet east (if above iZ-y 

Wm. H. Berry's pits, (east) top of clay 

Wm. H, Berry's pits, northwest of farm hou.^e. /"/' / - v 



ELETATIONS OF EACH OF THE CLAY BEDS. 11 

Feet. 
David Flood's bank, near hiH residence, top of blue day^ at northeast end of the 

bank 76 

David Flood's bank, top of sandy day, 100 yards northwest of above 89 

J. H. Campbell, estate, top rf beai day 78 

David Avers' bank, fop of day 80 

Charles M. Daily's bank, top of fire day 05-77 

Salamander Works bank, top of white day ^ 79 

Louji^hridge & Powers* pits, top of white day , 73 

Loughridge & Powers' pits bottom of fire day — deepest 48 

Mellick Brothers' pits, top of fire day 57 

B. Kreischer's pits, top of sandy (stoneware) day 59 

B. Kreischer's pits, top of fire day 53 

Wm. H. Berry's bank, a<1joining New Brunswick road, on the south, top (f black 

day 88 

S. A. Meeker & Son's pito, " Mutton Hollow," top of fire day 66 

J. R. Watson & Son'a bank, top of (stoneware) dai/ 59 

J. R. Watsun & Son's bank, bottom of fire day 41 

A. Hall & Son's bank, top of fire day 67 

A. Hall & Son's bank, southwest end of bank, top of fire day 73 

BANKS SOUTHWEST AND SOUTH OF WOODBRIDCiK. 

Isaac Inslee's pits, top of day 52 

Isaac Inslee's pits, bottom of fire day 38 

James Valentine's pits, top of day 48 

James Valentine's pits, bottom of fire day 36 

Hampton Cutter & Sons, northea>it pits, top of while fire day 32 

Hampton Cutter & Sons, south pits, top of day bed 34 

Hampton Cutter & Sons, south pits, bottom of fire day 20 

Hampton Cntter <Sc Sons, west bank, top of black day 63 

Hampton Cutter & Sons, west bank, top of blue day 41 

Hampton Cutter & Sons, west bank, bottom of blue day 20 

Isaac Flood, clay pits, top of (stoneware) day 38 

E. Cutter's estate, old pipe clay bank, top of day 25 

W. H. P. Benton's pits, top ofday^ [below tide] — 7 

Charles Anness & Son's pits, top cf day^ [below tide] — 5-10 

CLAY ALONO THE NORTH SHORE OF THE RARITAN RIVER. 

Woodbridge Clay Company's pits, east of Crows' Mill creek, top of the fire day, 

[below tide] '. —18 

Woodbridge Clay Company's pits, near Crossman Clay <& Manufacturing Com- 
pany's works, top offireday^ [below tide] — 3.5 

Woodbridge Clay Company's pits, bottom offiredayj [below tide] — 11.5 

Augustine Campbell's pits, near Crows' Mill creek, bottom of fire day (average). — 20 

A. Weber's bank, top of fire day 20.5 

A. Weber's bank, bottom of fire day 11 

Crossman Clay & Manufacturing Company's east hank, top of fire day 21.5 



« 
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Grossman Clay & Manufacturing Company's east bank, bottom of fire day H».~» 

Grossman Clay & Manufacturing Company's middle bank, top of fire day *J''> 

Grossman Clay & Manufacturing Company's middle bank, bottom of fire day 17 

Grossman Clay & Manufacturing Company's west bank, top of fire day C 

Grossman Clay & Manufacturing Company's west bank, bottom of firt: d-iy i'' 

if*h. Neukumet's bank, top of fire clay :'.^ 

Ph. Neukumet's bank, bottom of fire clay 2U-'''rJ. 

Ghas. A. Campbell & Go.'s north or blue clay bank, top of fire day i< > 

Chas. A. Campbell & Go.'s south or white clay bank, top of fire day 

Isaac Flood & Son's bank, east end, topof fire day 

Isaac Flood & Son's bank, west end, top cf fire day 'l 

R. N. & H. Valentine's bank, top of fire day 'A ■> i 

R. N. & H. Valentine's southwest pits, top of fire day -"•«< 

Samuel Daily's pits, north of New Brunswick road, top of day 7 4 

Samuel Daily's pits, south of New Brunswick road, top of day »■.♦'• 

N. J. Clay and Brick Company, northeast pit, bottom <f fire day <i4 

KAOLIN AND FELDSPAR KKD. 

Forbes' farm,/cW8par bank, top of sandy clay In4 

Forbes' farm, top of feldspar i"'> 

Forbes' farm, ftotfoni of feldspar '"i 

Ghas. Anness & Sons' Jddspar bank, top of feUlAjxu- '.♦! 

Clias. Anness & Sons* feldspar bank, east end of iIr* Icink, <"/» "f fdtL<p<ir '.i'.< 

Ghas. Anness & Sons' /e^/Kir bank, top of mmly rul day 1<'1 

Edgar BroB\ feldspar bank, topof feldspiir :: 

Knickerbocker Life Insurance Company's farm, lire sand l>:ink, top of l>luk r!,,.- 
Knickerbocker Life Insurance Company's funn, tire san<l Kauk, /o/j nf' m-f >,t,i<' 
Knickerbocker Life Insurance Company's farm, tire sami bunk. />// •>/ nrt ■■•uhi 

Knickerbocker Life Insurance Coini)any's soutli pit, top of kaolin 

Jas. Valentine's kaolin^ N. Y. & L. B. K. R. cm, bottom of kaolin 

Mrs. Merritt's kaolin pits, top of kaolin 

Whitehead Bros*, bank, Sayrevilie, top of kaolin '" 

J. K. Brick estate, Burts' creek, top of kaolin ■' * 

Whitehead estate, bank, Washington, top of kaolin 

SOUTH AMBOY FIKE CLAV lU 1>. 

NORTH OF TJIK RAKITAN KIVIJl. 

Manning shaft, <o;} o/ <Ag c/ai/ 1'M» 

E. F. Roberts' pits, Manning farm, top of fire day 

E. F. Roberts' pits, Manning farm, bottom of jin , lau 

E. F. Roberts' pits. Manning farm, east eml, h<>t('o;t of ur. -. i.^i 

John De Bow's pits, /o^ q/" 7'e(/ cA/^/ -• -,:. 

SOUTH OF Tin: liAKll AN IMVI K. 
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Kearney tract, E. F. & J. M. Roberts, north of \\';i ! 
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ELEVATIONS OP EACH OF THE CLAY BEDS. 13 

Feet. 
Kearney tract, E. F. & J. M. Roberts, north of Washington road, bottom of fire 

day 26 

Kearney tract, E. F. & J. M. Roberts, south of Washington road, top of fire 

clay 29-35 

Kearney tract, E. F. & J. M Roberts, south of Washington road, bottom of fire 

day (deepest) 15 

Geo. Such's pits, southern end, top of fire day 25 

Geo. Such's pits, southern end, bottom of fire day 18 

J. K. Brick estate, bank, top of fire day 28-36 

Whitehead Bros' pits, (old southeastern) top of fire day 54 

Whitehead Bros* old Bolton pit, top of day 70-72 

Whitehead Bros' bank, near Sayreville, top of day 70-76 

Whitehead Bros' bank, near Sayreville, (south end) top of day 59-62 

Whitehead Bros' bank, near Sayreville, (south end) bottom of fire day 51-54 

Sayre & Fisher's bank, top of fire clay 65 

STONEWARE CLAY BEDS. 

E. R. Rose & Son's pits, near C. and A. R. R., top of day 70 

Theo. Smith's pits, top of day 40 

Theo. Smith's pits, bottom of day 32 

N. Furnian'* clay mine, Chesquake creek, top of stoneware day 20 

N. Furman's clay mine, bottom of stoneware day 13 

N. Furman's clay mine, western shaft, top of stoneware day 19 

N. Furman's clay mine, western shaft, bottom of stoneware day 18 

Otto Ernst's clay mines, 1868 shaft, top of good day 12 

Otto Ernst's clay mines, shaft of 1876, top of good day 4 

Morgan estate, Raritan Bay, top of stoneware day 25 

Morgan estate, Raritan Bay, bottomof stoneware day — 

MISCELLANEOUS. 

Salamander Works fire sand pits, northwest of Woodbridge, top of sand 72 

R. N. & H. Valentine's fire sand pit, at Raritan Sand Hills, top of sand 49 

David Flood's kadin pits, southeast of Bonhamtown, top of (so-called) kaolin... 49 
Wm. H. Berry's bank, W^oodbridge and New Brunswick road, top of the blade 

day 88 

Clay pit, across road from residence of Chas. Anness, top of black day 22 

W. S. Petit's brick clay bank, Washington, South River, bottom of working face 

of bank , .' 18 

Willett & Yates' brick clay bank, Washington, S. R., top of bank 41 

Everett & Fish, potters' clay bank, South Amboy. top (/ day 82-88 

The drainage of this clay district has been already described 
in connection with its surface elevation. It is so limited in 
extent that there are no large streams wholly within its bounds, 
and yet it is remarkably intersected by tide water and navigable 
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channels. Thus in this area of about 68 square mih >, then 
are about 30 miles of shore fronting on navigable watir; or. 
counting both sides of the Raritan as high up as Savrt ville, and 
excluding the more tortuous bends of the Raritau and South 
rivers and Chesquake creek, there are 25 miles of \vaTLr-tV..ut. 
So that there is not a point in the district three mik\< fmin navi- 
gable water; and of the 100 clay, kaolin, and sand |»:t>, none 
is more than 2J miles away from such water-front. Tlie a«]van- 
tages of this remarkable location for the development of su< li a 
country, are plainly shown by the rapid growth of its indu>tii( -. 

The tributaries of these rivers and creeks are small an<l unim- 
portant, although most of them, for short distance^, arc small 
tide water inlets, bordered in some cases bv tide meadows; and 
some of them are capable of being improved as canals or hasin^. 

The character of the surface and soil throuf2:hout this clay 
district is so varied that detailed description would fail to conviv 
a distinct idea of its manifold phases. And yet nearly, if not (juite 
all the upland area can be described in two clearly charactcii/.(Ml 
groups. These two groups of soils and su])erricial deposits, mark 
two kinds and two periods of the drift. These are (1 ) the northern 
or glacial drift which is composed of fra^nnents of tlie red-shah:^ 
and other northern rocks spread unevenly over the surface 'J i 
the older (southern ?) yellow sand and gravel drift, derived, ap- 
parently from some more soutliern source, and containing; no red- 
shale drift whatever. The former is the more recent of tlie two, 
and is found resting at many points uj>on the latter ; and huth 
unconforinably upon the beds of clay, etc. The distrie{ north of 
the Raritan is mostly covered by the former, and thai -►uih oi 
the Raritan has only the latter kind. The yellow -:ii;.i nn<i 
gravel drift is found to some extent north of the Uariuin. 

1. Glacial Drift. — No attempt lias heen nia<le tntrii- e-'Wi all 
the sinuosities of the limits of this surface fni inaiioih Tl ■ :^( lu^- 
ral outlines are as follows: Staten 1-land - ^ui.d nu ili- . -i-t. 
Raritan river on the south, and, on the we-i, a liii'- -i.-a^', ;: ii->:ii 
the works of the Grossman Clav and Manuia: it. ihl. ^ iiianv 
north-northwest to the Sand liills, and th< ii< < we--, i. .i Pxii- 
hamtown, to the limits of the niai). X»nii\vaid fi. - .!.>(;> 
with the Short hills and the red shale cDUuny. 1: w ! \\im- 

seen that this drift covers, or occupie-, tli* t- n^.a ..r i,: , mn- 



GLACIAL DRIFT. 15 

tiing southeast from the Short hills to a point between the 
sound and the Raritan river, forming Poplar hill and the high 
ground thence to Perth Araboy. It must here be stated that the 
sound is not its eastern limits, as the same drift covers nearly 
the whole of Staten Island, and there is no difference in the ma- 
terials as seen at Perth Amboy or at Tottenville, on the opposite 
shore. No shale, or sandstone, is to be found south of the Rari- 
tan river and east of the South river, and the former, at Am- 
boy, sharply divides the two surface formations. This drift is 
cut on the line of the Easton and Amboy railroad at Ford's 
Corner, and at several points between that place and Perth Am- 
boy. It is best exposed in its relations to the yellow sand and 
gravel, in the Jeldspar banks of Chas. Anness & Son, and in 
the Woodbridge and New Brunswick road, near Wm. H. Berry's 
bank. It can also be seen in the cut on the Easton and Amboy 
railroad, half a mile south of Ford's Corner. 

This red-shale drift belongs to the true, northern drift of the 
glacial epoch, which is seen covering nearly all of our more 
northern territory. This portion, thus locally described, must be 
considered as part of the southern end of the great sheet cover- 
ing the continent ; and the city of Perth Amboy stands on the 
southernmost point of this particular drift bank. The red-shale 
material, the predominating and characteristic constituent in 
this mass of drift, gives character to the surface of the country, 
which resembles somewhat the country to the north and west 
where the red-shale crops out in place. The soil has that peculiar 
purplish-red color, and is in marked contrast with the sandy sur- 
face towards the west and south. The forest on this drift area is 
also quite different from that growing on the sandy and gravelly 
loam surfaces. There is less chestnut and no pine, both of which 
trees are common and make up most of the wood found growing 
south of the Raritan river. From these statements it is evident 
that the boundary of this drift is easily and accurately traced. 

The matrix of this drift consists of red- shale in the form of 
small fragments and as fine red earth. In this the pebbles, cob- 
blestones, boulders and other rock masses are enclosed, without 
order and in all possible combinations. Boulders and pebbles 
and fragments of red and bluish (indurated) sandstone and of 
trap rocks are very abundant. Gneiss, granite and syenite are 
less abundant ; the conglomerates and slaty grits of the Green- 



16 MIDDLESEX COUNTY CLAY DISTRICT. 

pond mountain (Potsdam) series, and the Magncsian and Tren- 
ton limestones are of much rarer occurrence. Large IjouMers 
are quite common, so much so that their removal in deari/if/ new 
ground for tillage is laborious and quite costly. Many of tin ui 
are large enough for quarrying into building stonen. One on 
Miss Gale's land, three-fourths of a mile west of AN'oodlnid^e 
and a short distance south of the New Brunswick turnjuke was 
25 to 30 feet in diameter and was used for bridge abntmenls on 
the Easton and Amboy railroad. In Melick Bros.' clay bank near 
Woodbridge, a granite block, 10 feet in diameter, was foiuh], 
lying with its polished and striated side down and imbedded 3 
feet in the fire clay bed. Near Patrick Miles' liouse, west of 
Woodbridge, there is a trap rock boulder, whose dimensions, out 
of ground, are 15x10x5 feet. Others nearly as laro:e nii^lii be 
cited, but they are not uncommon, although growing sen ree as 
the country is more cleared up and farmed, or worke<l for its 
clays. Boulders from one to three feet in diameter are abundant, 
both in the drift bed and on the surface. Occasional! v thin and 
irregular layers of white, sandy clay and elayeydike p^-libles 
occur in this drift. These are, however of very limited exl« n! and 
not common. 

The surface of much of the area occupied l)y this drill is i*e- 
markably uneven. The hills are irregular in outline ;ind of 
uneven slopes, and siiik Iioles and small ])onds are juiinri-ous. 
These irregularities of the surface are striking feature-; in itn* 
higher grounds west and southwest of Woodbridge, in what may 
be termed a continuation of the Short hills. 

The thickness of the red shale drift, as cut in ninny jiacrs. 
does not exceed 20 feet, but in Poplar liill tliere idii-i i><- ;. ;m\i< h 
greater thickness — possibly more than 100 feet. 'IIk' av- i;:-.' or 
mean thickness may be put at 20 U-et. An exnniinn1i<'n <-r {\\r 
table of elevations of the clays, /•(r<>////.s-,/VA/.vy/ar.s' and liii -ands, 
and a comparison of these heights and (Ih- heiglits of lii-- sur- 
face at these places, shows that there is n<»t anywlur* jn>>i.' Uian 
40 feet of drift, excepting in Poplar hill. So far a< ( xcaNaiions 
indicate, it is frequently quite thin, sometimes anKHin: inix to 
little more than a soil and subsoil. This i< moic n irn -ilarlv 
the case towards the southeast and mar its lM>ini'laiy 1::m-, or 
where the sheet thins out and disapptai <. 

That this drift is a part of the gi-eai i)<vrih.a-n <]rii! aia: --f ihc 
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glacial epoch is evident from the nature of the materials. The 
large and numerous boulders in it belong to rocks whose outcrop 
is to the north, and these occur in numbers proportional to the 
nearness of such rock formations. Thus the trap rocks and 
sandstones are in excess over the gneiss and conglomerates. 
Then the great mass of shaly material has certainly not traveled 
fiar, as much of this is in the form of fragments, which are in- 
capable of long transportation without being reduced to earth. 
This character of constituent materials and entire absence of all 
sorting, or stratification, corresponds with what is observed in 
the great northern drift elsewhere. No organic remains have 
been discovered in it, although it has been so largely excavated 
and at so many points. 

2. Yellow Sand and Gravel. — This so called sand and gravel 
drift includes all the more or less sandy and gravelly layers which 
form the surface materials, or superficial covering of this clay 
district, outside of the lines above given as the boundaries of the 
more recent red-shale, or northern drift. As has already been 
stated it underlies much of the latter and extends north and 
northwest beyond the limits of this district. In all directions it 
goes beyond the comparatively small area represented by this 
map. The almost endless gradations of sand, sandy loams, 
gravel, gravelly loams, (fee, generally of a yellowish color, but 
with many other shades, accidental to the surface, are embraced 
in this formation. It is not only thus marked by the general 
character of its material components, but more definitely by the 
sorted or stratified arrangement of these materials — a character- 
istic, which everywhere distinguishes it from the unsorted, red- 
shale drift. And it might very appropriately be termed the 
stratified drift. Towards the northwest, between Bonhamtown 
and Martin's dock, some red-shale earth and fragments and 
boulders appear in it — as if there had been a mingling of mate- 
rials by alternate currents, carrying shale and sand and gravel. 
Excepting on the northwest border of this district there is a re- 
markable absence of shale in this formation. And this is an- 
other of its distinguishing features. 

This sand and gravel or stratified drift is found as a surface 
covering, unconformably resting upon all the clay and other beds 
2 
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of the plastic clay series, excepting in the area of the red-shale 
drift, where it is overlaid by the latter. 

The thickness of this surface formation varies exccidiiiL^v 
from point to point, even within the limits of a siiijulc^ clay l»aiik. 
In those about Woodbridge and north of the Karitaii river, it 
ranges from one to thirty feet, or possibl}^ in rare instant (s, cwu 
more widely. In William P. Edgar's clay bank it is tliiriy Act 
thiok, and the red shale drift is wanting — this forming the sur- 
face. In the bank of William H. Berry a few rods soutliwe>t of 
Edgar's, it is cut 20-25 feet thick, under six feet of red-shalr 
drift. A few rods west of this and on the same jiroi^eity tin- 
latter rests immediately upon the top black clays. The same 
irregularities and breaks appear in it in the Mutton Hollow rlay 
banks, west of Woodbridge, and in those of the Salamander Works 
and others, north of the New Brunswick road. And tlu^ two in 
their relation to each other and in their varying thickness, an 
beautifully exposed in Anness* feldspar bank ; in E. V. Rohirts' 
bank, near Eagleswood ; in the cuts of the Easton and Amb(»y 
Railroad; in the east bank of the Crossman Clay and Manulju- 
turing Company, and at many other points which miudit hv 
mentioned since most of the digging for clay about Woodhridm 
has to penetrate both of these drift formations. The av( ra^e 
thickness may be put at 10 feet. In the clay banks at the s.-md 
hills and along the north shore of the Karitan river, the thiek- 
ness is from 4 to 25 feet. Here it forms the snrfae^ mat( lial. 
South of the Raritan it appears to be thicker, ranging from 1") to 
40 feet in the several clav banks from Savriville to Sonlli Am- 
bov. At the sand bank of Maxtield ct Parisen, in Soutli Amlx^v. 
it is at least 30 feet; at Otto Pj-nst's clay mines, ncai* ( 1ir-<jnaki' 
creek, it is about 40 feet thick. From the (devation of -(.mr of 
the hills and ridges in the district southwest of South A in boy 
(I1O-I8O feet) the maximum thickness of this sand and uiavcd i- 
thought to be not less than 100 feet. 

The materials of this forn^.ation, wln'tlnr sand, mavi 1. oi- Ics- 
rounded rock fragments, are always strati lied. Tlir 11 ik- of -(rati- 
fication, or layers, are sometinus hori/onlal. but tV<uui mly tli«y 
are seen to be wavy, or gently undulati 111!. TIk- dip t-i- inclina- 
tion of these lamina^ or layers, is rmi unifunn in dii' ^ li-n A 
prevailing dip towards the northwc-t, a- miLibt ix- <'\|m .trd, i- 
not shown by the observations. Thi- -oiI.mJ arran-' nimi up- 
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pears in the layers of sands, gravels, &c., although these layers 
are not, generally, persistent to any great distance, but taper out 
and are then replaced by others. In the examination of the sur- 
face of the country a marked feature is nearly everywhere ob- 
served in the gravelly hills and crests of ridges and more sandy 
valleys and depressions. This may be owing to some systematic 
arrangement of the gravels and sands, but more likely the re- 
sult of surface drainage, which, operating through ages, has 
carried down the more easily transported sands and left these 
gravelly accumulations in the shape of hills and ridges such as 
we now see. The sand and gravel generally alternate, but ir- 
regularly, and in some places there are thick beds of sand with- 
out any lines of gravel, as, for example, at the clay banks of 
Sayre & Fisher, George Such, Messrs. Roberts, and the sand bank 
at South Amboy. Very frequently a thin gravel stratum, a few 
inches thick, is seen lying immediately upon the clay. The sand 
beds generally exhibit a double system of lines, or oblique lami- 
nation, known as cross stratification. This can be seen at 
nearly all of the clay banks on the south shore of the Raritan, 
from Sayreville to South Amboy. The sand is mostly a fine 
white to a yellowish-white granular quartz mass, which is in 
some layers mixed with earthy matter. On the north side of the 
Raritan there is less sand and a larger proportion of earth and 
gravel. Quartz constitutes nearly the whole of the yellow sands, 
and most of this is in the form of grains and pebbles of white to 
yellowish, transparent, translucent, chalcedonic varieties. Some 
black grains of hornblende and very small, angular grains of 
magnetite occur with the quartz. In some places these grains 
are cemented together by oxide of iron, making a friable, stony 
mass. Fragments of feldspar are rare ; and most strange is the 
general absence of mica from these yellow sands and gravels. It 
does occur in places, as in Whitehead's moulding sand, east of 
Sayreville, and in the South Amboy pits. This absence of so 
common a mineral and rock constituent may, perhaps, be sug- 
gestive of the source of the materials found in this drift. In the 
vicinity of Piscataway, and at Weidener's cut near Martin's dock, 
both rounded and angular fragments of red shale are quite abun- 
dant in this formation. This exceptional occurrence of the shale 
is also seen further southwest, beyond the limits of this map, and 
always near the southeast border of the shale outcrop. But here 
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the deposition was in water, and a mixture of materials was such 
as would be expected. Further east, the glacial action carrii «1 
the red-shale further south and covered the stratified drift, and 
in that manner made a marked line between the two surliuc 
formations. 

Wherever the white sands of this formation constitute tlx' sur- 
face, the soil is light and poor, and the timber is mainly yrllow 
pine, chestnut and scrubby oak. The gravel has more earth in 
it and makes a tighter and better soil. But as a whole the ana 
occupied by this sand and gravel formation is quite inferior a< a 
soil to the red-shale drift north of the Raritan river. As the-e 
formations make the soil, their occurrence explains the diller- 
ences so marked in this district, not only in the natural soil 
itself, but in its forest covering. And much of the general de- 
velopment of the agricultural wealth of this part of the Stat«' is 
also due to this occurrence of the northern drift. The mouth of 
the Raritan river also owes its place to the glacier whose foot 
terminated at Perth Amboy. So that the ^lacier of the i»ast 
geological age has left an impress upon tliis country whieh all 
subsequent tillage and improvement has uoi ellaced. 

This formation has been describcMl as drift. It must not lu- 
confounded with glacial drift, as its ori<::in was due U) w;i'. i . 
Its stratification — its lines and layers — indicate that ll«»wii;i: 
water and not ice was the moving ])ower. And these aiti ruc- 
tions of pebbles and sand show that theri' were <xreat ehaniiv- ii, 
the force of the currents that carried them. The dip of tht-. 
layers is not at all uniform, although several to thenorthwi- 
have been observed. These may ])oint to a northwaid m-'vi 
ment of these currents. The general ahsence of red— luiN- al 
points to a southern origin. Again, the prevalence of jxl-hi- - 
mottled white and chalcedonic quartz and of a red.rKJi varir; 
ted quartz, unlike any known rocks to the north orn<>!th\\ 
and the existence of rolled fossils, more abundant than in 
more northern gravels and true houldei- drift, all jM.int r 
southeastern origin — a wash or drift fi-oni lan<l- now undrr 
waves of the Atlantic. Possihlv the -jinic eoiitintnt fni'iii 
the materials for the older beds l)elow — ihc cla> -. /,w/"^'//> an 
sands — and this, in part gravelly formation, may hav<' her 
last of the successive floods that canh' fr-'in that diirdi-'ii. 
there must have been a long interval btt\V''en ih<' <h]>o-i 
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these clays and this drift, since these, as well as the more recent 
greensand marl beds of the Cretaceous and Tertiary ages, are all 
alike covered unconformably by it. The glacial drift came later 
and partly covered this, but as to the length of time between the 
two formations we have no data for knowing. As no fossils have 
been found in the older, sand and gravel drift, excepting the 
rolled pebbles and fragments, it is impossible to determine its 
age. It may belong to the later Tertiary and have preceded the 
Glacial age. It is hoped that future explorations in many locali- 
ties may result in the discovery of some remains which will 
enable us to determine its place in the geological series, and also 
point more conclusively to the source of its materials. 

In this notice of the surface these two drift formations have 
been described as constituting the whole of the area of this 
clay district. They do not, however, form the whole surface, 
since there are here and there small, isolated outcrops of the 
several clays, kaolins, feldspars, and fire sands. These are, as it 
were, little islands in the great sea of drift. But these outcrops 
arc of so limited extent, and they have been so nearly all dug 
out for their materials, that they are altogether insignificant, so 
far as surface features are concerned. 

There is one other outcrop deserving attention, not so much 
from its size as its geoloujical importance — this is the red-shale 
hill in Perth Amboy township, one and a half miles northwest 
of Perth Amboy and about a third of a mile east of the Wood- 
bridge and Perth Amboy road. This outcrop of shale is not 
more than an eightli of a mile in diameter and is surrounded on 
all sides by drift. The shale has a northwestern dip and appears 
to be fast rock. It is probably an elevated point in the floor on 
which the clays and drift Ijave been successively deposited. And 
it was probably never covered by them, or at least, not by the 
clay and fddspar bed. The drift may have been removed by 
subsequent denudation. This hill, or outcrop, of shale in situ 
is at least two miles from anv other — or from the southeast border 
of the shale formation, and appears to be an outlier from the 
main body. 

The tidal meadows have alreadv been referred to in the above 
general description of the surface of this clay district. They con- 
stitute the more recent alluvial formation. The boundary lines 
of such meadows are easily traced and are represented on the 
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map. This alluvium rests unconformably upon the older forma- 
tions. Very generally there is either'red-shale drift, or thv saii<l 
and gravel under the meadow mud. At a few points valuaMo 
clays have been found a few feet beneath the surface of tlie tide 
meadows. The depth of the workable deposits helow tide watrr 
level and the expenses of raising both water and elay from <\\v]\ 
pits have retarded the examination of such ground for elay, and 
consequently only a few pits have been dug in the meadows, and 
these are near the upland border. The depths l)elo\v mean tidr 
level at which clays have in several places been discovered, show 
that the beds are continuous underneath the meadows and (lie 
Raritan river. It is only the difficulty and expense of eoiitendin^ 
against water that hinders the opening of clay ])its at any projier 
place in these meadows. The beds of clay were d( i)osited hcfore 
tlie Raritan had cut its present channel to the sea. 

MAP. 

The map of the clay district shows the variations of I lie snr- 
face by means of its contour lines ; and a eareful stndy of tlicsc 
will enable a person to understand the form and elevation of 
ridges and hills, the shape and loeation of vall(\vs, an<l tlir <1 rain- 
age area of streams, better than any detailed deserij^tion ran ]>->-- 
sibly do. And a comparison of the maj) at any point witli ihi- 
columnar and cross sections will show what IxhIs of « lay <»i" s.md 
underlie the surface at that point, and at what depths tlu-y >an 
be found. It is drawn to a scale of three inelu's t<« a milr : and 
the cross sections have the same horizontal sealr, and a vntiral 
scale of one inch to 200 feet. 

The data from which the map was drawn wciv ohi.iiiK <! a> 
follows: — The water lines of the Karitan hay, S{;itrn l-Lind 
sound, Raritan river and South riv<'r (to l>i><('tf's hri-k x-aidi, 
were taken from the United States Coa>! Suivcy ni ip^ *.! ' X» w 
York, Lower bay and environs," pnMisli.Ml Isjl. and of ••kai'itan 

river," published 1874. 

The city of Perth Amboy and the viI!;i'j'-~ of \\'.MHl!,iirio,.^ 
Washington, South Amboy and ni,l p.rid-: . w. i na;i-!< 'ird 
from local maps. The straight road 1Vot;i ()'d Uri ■-<■ ^" fi'iid.ii- 
berg Corners and the roads south and \\ < -i ot i ' : :!;<•!. -id- -; mu h- 
east of Chesquake creek ; and the n»a'i- n'>!ih -•! r- , iiaw iv. ami 
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east as far as Bonhamtown,were taken from the map of Middle- 
sex county. The vicinity of Sayreville was taken from a private 
map belonging to Sayre & Fisher. The railroads were drawn 
partly from railroad maps and partly from odometer surveys. 

The remaining roads on the north side of the Raritau river 
and the principal ones on the south side of the same, were sur- 
veyed with odometer and compass. On some of the lanes on the 
north side of the Raritan and on several of the less important 
roads and by-roads on the south side, pacing was substituted for 
the odometer, the courses being determined by a compass. This 
method was also applied to all the salt meadow lines, to Wood- 
bridge and Chesquake creek, South river (above Bissett's brick 
yard), Lawrence brook and most of the smaller streams. The 
field work was constantly verified by plotting. 

The datum plane, or plane of reference for levels, was taken 
at ordinary high tide. 

The heights of the surface of the clay at most of the openings, 
and the surface of the ground at many points, were obtained by 
an engineer's leveling instrument. 

The heights of all other points were measured by an aneroid 
barometer. 

To show the elevation of the surface of the ground on all parts 
of the map, contour lines of level were then drawn through all 
points having the same elevation. These lines are drawn at in- 
tervals of ten feet. The contour line which is nearest to the 
shore would be the shore line, if the water rose ten feet above 
present high tide level.* The second line from the shore would 
be the shore line, if the water rose twenty feet higher than pre- 
sent high tide level. The third, if it rose thirty feet, &c. The 
small figures on the contour lines denote their height above high 
tide. The limit of error of the contour lines may be assumed at 
ten feet. In places where they have been checked by a levelling 
instrument it was rarely found to exceed that amount, and 
usually it has been much less. 

GEOLOGY. 

The GEOLOGY OF THE CLAY DISTRICT wiU be bcst understood bv 
a general review of the geology of the State in which it occurs, 
and of the geological formations which are associated with it 
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For this reason we here present a condensed statcnu nt <.f the 
geology of New Jersey. 

Nearly all the great geological classes of rocks and <m tli< arr 
represented in this State. Its oldest rocks make uy tlie iiK.uniain 
range which crosses the northern part of the State tVom iK-nlnast 
to southwest in parts of Sussex, Passaic and r>eri;( n . W arren 
and Morris; Hunterdon and Somerset; and whirl] is kii..\vii in 
New York as the Highlands, in Pennsylvania as Soutli >h)iin- 
tain ; and is here without any general name, hut its inli\i«hial 
ridges are known as Ramapo Mountain, naml^uri; M-nntain. 
Schooleys Mountain, Trowbridge Mountain, Wainonu M. iintain, 
Musconetcong Mountain, Scotts Mountain, Marhlt- ! .'intain 
and others. The newer geological formations lie uh.ii . ,. h sidr 
of this central ridge, and run parallel with it; th» Si!; inn and 
Devonian limestones and other foimations hein^ ni ''v in a 
broad belt upon its northwest side, and a littU' in its \ m! ■ v^ : the 
Triassic red sandstone adjoins it in a hroad hcU on ii- - • i*h«ast 
side; the Cretaceous clays and marls stretdi an-^ss tli. >:at«' in 
a belt just southeast of the red sandstones ; and tht.' '!'. : i, ii v and 
the Recent formations lie southeast of thr mails. Tlir -'iunmar 
section of New Jersey formations here inscrnd -hows iii. ir »'i(hr 
and relative position, as they have het'n nrovcd hy nn ;i<i;riiiirnt 
and comparison at the various ])laees wlun' tin v onur in dlii* r- 
ent parts of the State. It does not h(^wev<r uivt' tli* i«'!aiivf 
thickness of the different formations, tiiosc in tin- l..\\i i- part 
being much thicker in proportion to thr liiLih* r: and t!:<- layers 
or strata are not level as represented here, htn are ainx-i all <>f 
them slanting or dipping downwards towards iIm- n. i;:.\\.-i <>]' 
southeast. The Azoic, Oetaeeous, Tertiai-v, and i.; ~ •; ilir 
Recent have a prevailing dip towards the >ui;i!ir.i-i : ^. il.r 

Silurian, Devonian, and Triassie mostly dip lowar-l- ' :■ 'iih- 
west. 
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The sketch map of New Jersey, which faces the title ]>age, 
gives the outlines and location of the most important geolot^ncal 
divisions of the State. The plastic clay formation is ^Tho\vn on 
it. It is that part of the Cretaceous which is northwc^st of the 
dotted line drawn through it, and the clay district of Middlesex 
county is marked by a dotted line, inclosing a rectangnlar space. 

The boundaries of the formation are as follows: The north- 
western boundary, beginning at Woodbridge Neek, on thr sliore 
of Staten Island sound, passes just north of the villai^^s of 
Woodbridge and Bonhamtown, to the Raritan river, a frw rods 
below the mouth of Mill brook. Then crossing the liaritan, it 
is easily traced along the south side of Laurence brook, and at 
distances varying from a few rods to a quarter of a niiU* iVoni the 
stream, to the bend of the brook a mile west of Dean's {)on(l. 
From there it can be traced in almost a straight line to the Dela- 
ware and Raritan canal, half way between Clarksville an<l Ba- 
ker's Basin, and then near the line of the canal to Trenton and 
the Delaware river. From Trenton to Salem the Delaware 
marks the northwestern and western boundary, witli the excep- 
tion of some limited patches of marsh and alluvium ulonij; the- 
river. Its southeast border can be traced from the shore of Jvari- 
tan bay, a little south of Chesquake creek, in a southwestrrly 
direction, in a line passing north of tlie village of Muni^iown, 
and on just south of Jacksonville ; then aeross the eountry Ijy 
the house of the late Parker Brown to the little villa^^e called 
Texas, on the Matchaponix creek ; and from thenee dire.tly nn, 
passing about a mile south of Jainesburg station, and ero^sini; tin 
Camden and Amboy railroad near ('ranbury stati(»ii. it j-a^srs 
about a half-mile north of Ilightstown, and thenee in ^i line a 
half-mile north of the railroad to the mouth of ( 'r«»--\vi.ks 
creek, on the Delaware at Bordentown. It follows tli.^ l.itik of 
the river to Kinkora, from which place it is extnMndy <iiili<iih to 
trace it with accuracy, the characteristic clays In-inu (inirely 
hidden by superficial deposits and soil, except in liie i>;inks of 
the streams. Guided by these marks tie' line \][\< Ih-.-n .irnwn. 
It follows near the line of the railr()a<l ea^t n\ I'Imt. u. ,■ ; ;.• Iinlf- 
mile east of Burlington, crosses the K*an<'K ':< ^ mii- nhnve 
Bridgeboro^ and the Pensauken some di-I.DKf ;i1h,\v t inna- 
minson bridge ; it comes to the bank of tlie J)el;i\\.ire ,i:,ii!i at 
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Gloucester City ; it passes back of Red Bank, crosses Woodbury 
creek a mile above its mouth, Mantua creek near Paulsboro, 
and Raccoon creek a mile above Bridgeport ; thence it continues 
in the same direction to the Delaware near Pennsgrove. 

The area comprehended within this formation is three hun- 
dred and twenty square miles. 

The materials of the clay formation are earthy; and no rocky 
or stony layers or beds are to be found in it. There are some 
small places in which the sand and gravel have been cemented 
with oxide of iron sufficietly to form a rough building stone, and 
concretions of clay and oxide of iron of a stony hardness are 
found in some of the clay beds; but the layers of sand and 
clay, of which the formation is made up, are all earthy, and so 
soft that they can be dug with a spade. 

The whole formation is composed of a series of strata of fire 
clay, potter's clay, brick clay, sand and lignite. The details of 
these with their order, thickness, and qualities will be given far- 
ther on in this report. The thickness of the series of strata is 
nearly 350 feet. The strata are generally parallel to each other, 
and are all inclined downwards towards the southeast, with an 
average dip of about forty-five feet per mile. The direction or 
strike of the outcropping edges of the strata is south 46° west, true 
bearing. 

The geological age of this formation is determined entirely 
from its fossils — the series of earlier formations between this and 
the Azoic period being wanting here, and this lying directly upon 
the crystalline gneissic rocks. Fossil wood is abundant in many 
places, and the roots, leaves and fruit of plants are sometimes 
found. Shells, and remains of animals, are rare. 

Fossil leaves from the clay banks at Washington and Sayre- 
ville, from the clay pits at Burts creek, from Mrs. Allen's pit at 
South Amboy, and from the clay in the bluff bank of the Dela- 
ware tw^o miles below Trenton, were collected. These were sub- 
mitted to the examination of Prof. Leo Lesquereux, of Columbus, 
Ohio, who makes a special study of Vegetable Paleontology, and 
is one of the most eminent authorities upon the subject. He 
reports as follows : " The specimens, very numerous, badly pre- 
served, from Sayreville and other localities in the leaf-bed over- 
lying the Woodbridge fire clay bed, have, so far as they are 
determinable, the characters of the flora of the Dakota group, 
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or of the lower Cretaceous of Nebraska and Kansas. This is 
lower Cretaceous for this countr}' equivalent to a lower niLinlxr 
of the upper Cretaceous of Europe. The species identical to 
both fornnations in New Jersey and Kansas are M(ig)io/i(i ( \t/>rlli,ii, 
Heer; M, altemaiiSt Heer; Persea Nebrascensis, Les<[r. ; SnJix pro- 
tsefolia, Lesqr. ; two species of Proteoides ; GhjptoMrolm.^ <iriiriUhn us, 
Lesqr. ; Sequoia conditaj Lesqr. ; I noted some other species as luw, 
but they are not named or described, indeed IVoni \\\r l>a<l state 
of preservation of the leaves, it would not be ])Ossil>h.' to iiKik* a 
diagnosis, without a comparative study of specimens uiih thost 
I have on hand. Among others there are fiaununts of an 
Araliopsis, the basilar part of a leaf only, and we have tVum thr 
Cretaceous of Kansas and now also from that of Colorado nuinei- 
ous species of the same genus. 

"The flora of South Amboy, as collected from Mrs. Alkn\- 
clay pit, totally differs in its character as far as rej.i^x n(((l by 
the few species known as yet, from that at SayrevilU.' li ha- 
one, a single species, a Sterculia (new species) in eoninn»n, and it 
is the only one. Most of the leaves of the Iowlm* (.'retacous >taL'o 
have entire borders; on the contrarv those of this u|)j>ei- staue 
are serrate or denticulate on the l>orders. As said ahov*-, ilu se 
upper Cretaceous leaves represent niostly new species n^ferahle to 
the genera, Salix, Proteoides, Andromeda, Myrica, and jxriiaps 
a Prunus. There are many specimens of small enneatc tlalaUaU 
leaflets referable to a new genus of ferns ; also Iravis of (Jm rni.<, 
of the section Dryophyllum, and another na^l^^\^' d-'ntimlah , 
apparently a Lomatia or a Mi/rica. The leaves of S.th.r ;ir. likr 
those of S. proisefolia of the lower sta^e l>ut [xvv covi ivd wiih a 
coating of carbonaceous matter whicii rendi r< tlhi;- .:; r\aiion 
obsolete. One of the leaves is referahle t<> .1//'//';./ - ' • likr .1 
parZa/ori, Heer. ; another to Chni(nni»)uini //'>/•/, and iw-) -;.-.i,^ 
of conifers, Seyuoia r/r^iVia., Heer, and N. lu irhrijxirj,;^ II<vi.. ili 
leaves being shorter and narrower. 
Resuming, 
1. Pettits* clay bank near WuxJinKjlnu, S. /.;. 

Sterculia, undetermined sprri- s. 

Rootlets of equisetum. 

Andromeda. 

Proteoides Daphnogenoides. 

•It teoomparable to an upper Crctact'ou's be«l of xoutiiw. ! i i .r . 

Haydeu, 1874, p. 360. 
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Platanus tieerii, Lesqr. 

2. Sayre & Fisher's clay bank, at Sayreville. 

Glyptostrobus gracillimus, Lesqr. 

Sequvia condita, Lesqr. 

S. Smithsiana, Hear. 

S. Sabulata, Heer. 

Araliopsis — undeterminable. 

Magnolia alternans, Heer. 

M. Capellini, Heer. 

Cinnamomum Heerii, Lesqr. 

Laurus — species. 

Persea Nebrascensis, Lesqr. 

Daphnophyllum ? 

Salix pro tsB folia, Lesqr. 

Proteoides Daphnogenoides, Heer. 

P. undeterminable. 

Sterculia — species. 

3. J. K. Brick's clay bank, Burts creek. 

Sassafras (Araliopsis). 
Seed of Conifer. 
Rootlets. 

A Sequoia with thick leaves. 
. Sequoia Reichenbachi. 

4. Mrs. Allen's clay pit, South Amboy. 

Quercus, dentate leaves. 

(Dryophyllum.) 

Sterculia, same as above. 

Myrica or Lomatia. 

Salix protsefolia. 

Andromeda 

Cinnamomum Heerii ; Lesqr. 

Sequoia rigida, Heer. 

S. Reichenbachi, Heer. 

Leaves of a peculiar new kind of fern. 

" These specimens are few and poor, and therefore the deter- 
minations are liot positively ascertained." 

Two specimens only of shells have been collected from the 
clays during the surveys. These are not very well preserved, but 
they have been examined by Prof. W. M. Gabb, of Philadel- 
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phia, and by him determined to be the CucxdUra antrorsa, a 
species common in the green sand marl bed. It is undoiilitcdly 
of the Cretaceous age. 

Pebbles containing fossils are not uncommon in {\\e mnvcl 
found in all parts of the clay district. Several small lot^ sub- 
mitted to Prof. R. P. Whitfield of the American Museum of 
Natural History, Central Park, New York, were reportrd on as fol- 
lows: "The fossils in the various lots are nearlv all from ilie 

ft.' 

Upper Helderberg limestone group. Those from MartiiTs (|o< k 
contain three species of Favosites, several fragments of cydtfinj.lniL 
loid corals, a Michelina, also allied to Favosites, Air mm niiculjiri^, 
Strophodonta parva and some other shells, fragmentary, also seve- 
ral specimens of an undescribed Stromatopora (sponizoiil ). 

"Those from Everett and Fish's clay banks are mostly clierls 
and jaspers and many, likely, from the Corniferous. 

"The pebble with fish tooth is most likely Upper IKMcrlx ri;*. 
One other lot contained a curious pebble of sanclstond eoniposcd 
of a white matrix and rounded quartz and on beina broken open 
revealed a large fragment of Orthis hippdrionyw, \'an\ixrni. 

"Another lot reveals Airyparetic^tlarisj Spiriferae (s|)eeiesV) and 
several fragments of Devonian braeliiojmds and corals and an 
impression of the dorsal side of a Gyroceras, or Cyrtoeeras, very 
like C. Hall, from the Scholiarie (Irit. 

"There is no evidence of anything in tlie lv)t of more i-eeini 
age than the Hamilton and that only on two fragments, the otlu is 
being Upper Helderberg, Oriskany and ])erliaps -onie o\' [lie 
Favosites Lower Helderberg, possibly though not pn»hal>1y." 

The source from whence the materials for this t'onnaiion ..!«i:2i- 
nated must be looked for to the southeast of the pr.-^en; -uata. 
Though bordering upon and overlying tlu' red-sluile aiii -:nid- 
stone which lies to the northwest of it, there is not a IV:iuJiient <.f 
those rocks to be found in anv of these be(ls, nor anv i*\' ilieir 
striking and characteristic red color to be pei'<(iv( d in tlu in. 
On the contrary, the materials of the^e Inds :ne white, ^ii. y. r.r 
blackish, and if at all tinged with the irddi.-h en](.r ..t ..\;.]<- e)f 
iron, it is a yellowish red, and not a pnrpli^h ici liL' -Im- red- 
shale and red sandstone. The ap|K arane(- ;ill indi. ;ii, i!i.i! ihey 
have originated from the materials of di-iiih jiMtei ;,i,m |.;iii;;il- 
ly decomposed feldspathic granite oi- unei--. In -. m- [.hues 
these products of disintegration have heen -eiiei ix u,i .r. ihe 
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fine particles of clay deposited by themselves to make the pre- 
sent clay beds ; in others, the quartz has been deposited as sand 
in beds by itself; and in still other places, the finest of the sands, 
with a little mica almost in powder, has been deposited to make 
the so-called kaolin beds. In other beds the materials are de- 
posited in their original mixed condition — clay and quartz to- 
gether constituting the so-called /6?/d«par beds of this district. 

There does not appear to have been any violent or irregular 
movements since the deposit of the clay beds, which has dis- 
turbed or distorted them. But there must have been high 
ground to the southeast and outside the present line of sea coast, 
from which the materials for the clay and sand could have been 
washed and deposited on the lower ground upon which they still 
lie. And this high ground, besides what wore away to make 
these beds, must have gradually settled down till it was hidden 
beneath the ocean, and the beds of the clay formation have risen 
along their northwestern border till they were above the sea 
level, and till the beds had so altered their inclination as to slope 
down towards the southeast instead of towards the northwest, as 
they did when first deposited. 



Part II 



CHAPTER I. 
GEOLOGICAL STRUCTURE OF THE CLAY DISTRICT OF MIDDLESEX COUNTY. 

The Plastic Clay Formation here described consists of the 
following members, or sub-divisions, beginning at the top, viz.: 

Feet 

Dark colored clay (with beds and lamin» of lignite) 60 

Sandy clay with sanJ, in alteniatc layers 40 

Stoneware clay l)ed 30 

Sand and sandy clay (with lignite near the bottom) 50 

South Amboy fire clay be<i 20 

Sandy clay (generally red or yellow) 3 

Sand and kaolin 10 

Feldspar be<i 5 

Micaceous sand bed 20 

Laminated clay and sand 30 

Pipe clay {top white) 10 

Sandy clay (including leaf bed) 5 

Woodbridge fire clay bed 20 

Fire sand l)ed 15 

Raritan clav beds — Fire clav 15 

Sandv clav 4 

Potters clay 20 

347 

The columnar section here given shows tlie position and rela- 
tive thickness of the several members of the Clay Formation. 
These several members of the Plastic Clay Formation are not 
equally well defined and clearly marked by characteristic fea- 
tures ; neither do they always appear of uniform thickness, cor- 
responding to the figures as stated in the above general section 
and order of superposition. The series here given represents the 
succession of the several sub-divisions, or beds, and their average 
thickness, as observed in localities where they appear fully de- 
veloped and have not been subsequently eroded or otherwise 
diminished in thickness through the action of outside agencies. 
The order of succession, or superposition, is made up from a sur- 
vey of the whole. 
3 
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In this district there are no high hills with steep slopes, neither 
river or shore bluflfs, nor any natural cuts or banks of sufficient 
elevation to exhibit this aggregate thickness of individual beds. 
Nor are any of the excavations made in working the clays, or 
borings made in the course of exploration, deep enough to show 
the whole series. Scarcely any of these exceed eighty feet in 
depth, or little more than one-quarter of the whole thickness of 
the formation. The general section and the sub-divisions given 
above, may be considered as a combination representing and in- 
cluding over one hundred local sections, which are distributed 
all over the district. Some of these are quite short, scarcely 
showing more than a single bed and its relations to the one over 
or under it. Others include several entire beds and parts of 
others. Taking into account all these features and peculiarities, 
the position, extent and character of each bed have been deter- 
mined as the result of this general comparison. There are 
many characters or phenomena which are merely accidental, 
peculiar to a locality and of limited extent. These, however, when 
carefully examined, are found to conform to the general arrange- 
ment described above, and a reasonable cause can be found for 
the apparent variation. 

In the consideration of this part of the subject the superficial beds 
of earth, loam, sand, gravel and boulders are omitted, inasmuch 
as they have already been described in Part I, page 14, on the 
geology of the surface. The discussion here considers the geo- 
logical structure, or skeleton of the district stripped of its super- 
ficial or later covering, though in many cases this is of great 
importance in the economy of mining clay. We look at it as it 
existed just before the drift of sands, gravel and boulders came 
in successive floods and covered it. . 

Strike. — The strike of the beds in the plastic clay series is in 
a general northeast and southwest line, or more accurately, 
north 46° east, and south 46° west. This is ascertained from a 
comparison of heights of the Woodbridgefire clay bed, South Am- 
boy fire clay bed and of the stoneware clay bed, taken at nearly 
all the points where they have been seen. The vertical sections 
properly referred to these standard levels or elevations of these 
more prominent and persistent Vjeds give further data for com- 
paring the elevations of other and intermediate beds, and conse- 
quently additional lines of equal heights or strike. Each layer 
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or bed thus furnishes one or more of these, but since tliev all 
agree in direction and are simply parallel to one another, one 
represents all these beds, or the whole formation. Any given 
bed or member of the series is at the same elevation on this line 
of strike. And proceeding from any given point on one of the-e 
beds in the direction of this line either northeast or southwest, 
that bed is to be found at the same elevation throughout ilie < x- 
tent of this district. A reference to the map will show a remark- 
able correspondence between this line of strike and some <>1 tlie 
natural features of the surface. First, it will be observed to eoin- 
cide with the trend or direction of the tidal valley along the 
Raritan' river from the South river at Washington and Petils 
clay bank to the upland at theCrossman Chiy and Manufaeturing 
Company's works and at Kearney's dock, wliere tlie wide border 
of meadow on the north side of the river ends. Seeond, the 
broad valley of the Chesquake creek from Jacksonville to the 
Raritan bay also runs in this same direction. There an\ of 
course, other streams and valleys and depressions, as well a< 
ridges of hill and lines of elevation, whieh do not agree wiih 
this general trend. But these two valleys, above nientione<l. are 
large and the most characteristic featvnes of the surfaet^ and 
their coincidence w^ith the line of strike is at least remarkaMe. 
The banks opened along the Raritan iVijin near Bonhanit'»\\ n 
to the tract of the Grossman Chiy and Manuiaeturing ( 'oiiij^-iiiy. 
in what is known as the Woodbridge fire clay bed approxiinatu 
to the line of strike. The several banks in the South Aiuii-y 
fire clay bed between Washington and South And)oy l)or<l(r i\\^' 
tide valley of the Raritan on tJie so^iiJi and tlirir gmrral <l!!c.n-ni 
coincides witli the line of strike of the elav hcds. Tn U\r --inie 
way the openings along the Chesquake ei'cek in the -i'»;,<\v:ire 
clay bed correspond to the trend of this tidal valley and to ilie 
line of strike. The Woodbridge elav l);iuk< are all in a eom- 
paratively limited area and the length of tlii- group of njM-irm^^ 
is from northwest to soutlieast, or a«ros- llic sirik**. Tli- c l.va- 
tion at the several points in this grou|) -jmw- that ^oirg fiMin 
northwest to southeast the line of strike i- cjo^^, d ai liirlit ;i])l:]* -. 
Dip — From the strike^ or line of lev<d along or in aiiv uivm 
bed the line of maximum descent gi\a- ili* iri(linaii>»n, and 
this descent is termed the dip. h \< al\\a\- ; i rijlit ani:K- n^ 
the strike. From the elevations of the <ia\' Ik 1- this de.-eent or 
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dip towards the southeast is evident. And as the line of the 
strike is north 46° east, the direction of the dip, being at right 
angles to the strike, is, therefore, south 44° east. An examina- 
tion of these elevations at a few points illustrates this statement. 
Beginning with the lowest member of this series, the Raritan 
potters clay bed — the bottom of the bed in Mundy's pits, north 
of Bonhamtown, is 60 feet above mean high water level ; in 
Charles M. Daily's pits along the Raritan river meadows it is 
about 18 feet below the same datum plane, showing a difference 
in elevation of 78 feet in a distance of 1.3 miles (measured on 
the line of dip) equivalent to a descent, or dip, of 60 feet to a mile. 

In William P. Edgar's bank, north of Wcodbridge, the bottom 
of the Woodbridge fire clay bed is 69-75 feet above high water 
mark ; in James Valentine's pits, south of Woodbridge, the same 
bed (bottom) is 36 feet above the same datum plane, a difference 
of 36 feet, taking the mean of tlie two measurements in Edgar's 
bank. These pits are on the line of dip and the distance between 
them is two-thirds of a mile. This would, therefore, show a 
descent or dip, of 48 feet to the mile. Again, in David Flood's 
bank, northwest of Woodbridge, the height of the bottom of the 
fire clay is 61 feet; in William H. Benton's pits, near Spa Spring 
station, the bottom of the same bed is 25 feet below high water 
level, showing a difiFerence of 86 feet in a distance of 1.7 miles, 
which is equivalent to 50.6 feet per mile. In the clay banks 
along the Raritan, those of P. Neukumet and the Woodbridge 
Clay Company, near the mouth of Crows mill creek, are on the 
line of dip, and the distance between them is just one mile. The 
mean elevation of the clay bed (bottom) in the former is ;;0 feet, 
while in the latter the bottom is about 22 feet below high tide — 
a difference of 52 feet, or here the dip of the bed.is 52 feet per 
mile. 

In the South Amboy fire clay bed the average height in E. F. 
Robert's pits near Eagleswood, north of the Raritan, is at the 
bottom 65 feet ; in George Such's pits near Burt's creek, south of 
the Raritan, the bottom of the clay is 11 feet above high tide level. 
The distance between these two points, on the line of dip, is one 
and a quarter miles,, and hence the dip is 42 feet per mile. 
Between the average elevation of the fire clay in the bank of the 
J. K. Brick estate and that of George Such's bank there is a differ- 
ence of 9 feet — a distance of a quarter of a mile, equivalent to 36 
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feet to a mile. In the stoneware clay bed the dip is less tlian in tl 
South Amboy or Woodbridge beds. At the pits of E. \l. Ivoso cV' 
Son, near the Camden and Amboy railroad, tlie bottom ol'tlie clay 
is 55-64 feet high ; at Otto Ernst's clay mines on Chesquaki^ ( louk 
the bottom of this bed is a little below mean ti(l« , making a 
difference of about 65 feet in 1.5 miles, equivalent to a (lii» of ^J 
feet permile. Again, the heights of this bed in Theodore Siuitli s 
pits and Noah Furman's western mine are 32 feet an<l J:J led 
respectively — a difference equivalent to a descent of oO tVrt to a 
mile. Other examples might be cited, showing the iniiloi-mity 
in the dips of the Woodbridge and South Amboy beds, hut more 
variation in that of the stoneware clay bed. The avciap' <<f all 
the measured dips in any given bed is taken as its rcj>res( ntative. 
This average or mean inclination of the several hrd< lias hitn 
ascertained more accurately and readily from a general nr i om- 
bined section, upon which all the openings and ontrr«)ps at 
their respective elevations have been placed and all nlcrn.d to 
their proper position with respect to each other. 

This section may be understood as coinciding with tlie direc- 
tion line of the dip, S. 44° E. To it every outerop of clay or o' 
other associated beds has been projected, each carried on ih 
line of strike to this section line and there re])resentc<l at it 
proper height. Wehave in this way tlie wlioledistrict rcprc-onK 
on one plane and by a single section ; and on it the scvcriil d; 
beds appear within certain parallel lines, which corivsj)c»iid a 
proximately to the top and bottom of each bed. These arc < 
served to have quite a regular descent or dip to the sontlioji-t,r. .i 
sponding in amount to the figures given above. A< lhi> -- ( i 
includes in the comparison all the outcro[)s, pits and oi.. i j;,^ 
furnishes a more nearly correct mean or <n'irn<j< (h|. iiiiin 
comparison which could be made, iisiiig any les.< nKini-. 
points of observation. 

This section will be found folded and acconjpanying 
report. The horizontal scale is six inclns j.ei- niilc; ili. 
cal scale, one inch, equivalent to oii<- liuiidi-ed Irri. Tl 
server is supposed to be looking in the dire<iinn ..! ih, 
towards the northeast — the northwest eiMl liein- i" ili* i* r 
and the southeast to the right hand. Tin- W'mimII.i ;,!_ 
South Amboy beds will he observed <1« -i< inium (jUMr i, ; 
towards the southeast and at nearlv tie -;,iim an-lv < i >i; 
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the stoneware clay bed descends more gently in the same direc- 
tion. 

, From this section the Woodbridge fire clay bed is found to 
have a dip of 51 feet per mile; the South Amboy fire clay bed, 
48 feet per mile ; and the stoneware clay bed, 28 feet per mile. 
These figures indicate a slight difference only between the rate 
of descent of the two fire clay beds. Practically, they may be 
assumed to be parallel, although tlie more gentle dip of the 
South Amboy bed, together with the still more gentle dip of the 
stoneware clay bed, show that the strata of this clay formation 
gradually become flatter, approximating to the horizontal posi- 
tion, or level, in going from northwest to southeast. And the 
amount of the dip of the stoneware clay bed agrees with that of 
the greensand marl beds which lie on its southeastern border, 
although in these latter the direction of the dip is about 10° 
more towards the south. The strata which lie between the 
Woodbridge and South Amboy beds conform to them in the 
amount of dip, that of the feldspar bed; which is clearly marked 
and easily traced, being 48 feet to the mile. The strata above 
the South Amboy bed and under the stoneware clay bed are not 
so plainly marked as to be capable of identification at many 
points, and, consequently, it is not possible to give their rate of 
dip, or to indicate the line where the dip changes its angle and 
these beds become flatter. From an isolated outcrop of an infe- 
rior fire clay on the beach at South Amboy, about 25 feet higher 
than the regular dip of the South Amboy bed would put it at 
that point, it is reasonable to suppose that this bed bends a little 
upwards somewhere between this point and Burt^s creek clay 
banks, or near the line where the bed strikes the level of tide 
water. The curve may be near this level, not only in this bed, 
but upwards through the overlying beds to 'the stoneware 
clay bed. 

RARITAN CLAY BEDS. 
BARITAN POTTERS CL\Y BED. 

This is the lowest member of the Plastic Clay Formation and 
lies unconformably upon the red and shaly rocks of the 
Triassic age. Its contact with the shale can be seen at nearly 
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all the localities where it has been opened and worked. Tlir 
shale appears with its uniform northwest dip at tlie bottom of 
the pits which are dug throuj^h this clay bed. Fr(jm tlie 1 1( va- 
tions of the bed at its several localities its dip is ascertaiiud to 
be towards the southeast and at the rate of 60 feet ]»er mile. 
It is slightly more than that of the following and liiuher l)r«ls 
of this formation. The strike corresponds to that of the i\>t of 
the clay formation. The bed has been designated as tlie lUiriian 
Potters' Clay Bed, on account of its occurrence on both .^idrs of 
that river, having a greater length of outcrop on the nortlieru 
side of it than any of the other clay beds of the series. And 
from the topography of the country this outcrop and its 1(m ali- 
ties will in all probability be considerably extended and in- 
creased, and will make it pre-eminently the Raritaii l)e(]. The 
extreme western outcrops now known are near Silver lakr, half 
a mile south of the village of Piseataway, and north of Martin's 
dock. The bed has been opened on tlie property of J. Conway 
w^est of the Silver Lake brook and in the i)its of \V. X. XWidnrr 
on the east of the same stream. At the latter the htd ha«l a 
maximum thickness of IS feet and rested upon a greenish jirey 
shale. This locality is especially interestinu" on account ot the 
several relations between the clay, shale and the drift oxx'r the 
former. These are illustrated and described fullv in thr local 
descriptions given in the chaj)ter sucrt'edini^- this. ProccrdinL: 
eastward this clay crops out in the upland hank, borderinu the 
tide meadows, on John Van Iba-n's farm. It was also found in 
digging the well at his residence and was there n')>()rtc<l i«> l>r 
13 feet thick. It has also been found on the lan<ls of Morhv ^\: 
Brown, east of Van Horn's. Charles M. Uallv's clav n«-ar wwA in 
the tide meadows belonas to this bed. (hi the adioininu f^irni of 
B. Ellison it has been uneovere<l in j)its duu in the low -i 'nnds 
south of his residence. Nearer the housc^and in a >oulliW( -i* rlv 
direction from it a pit was recently dui: Ihrouizh a sandy c)ay, 
w^hich is considered the equivalent of \\\ i». JMxon'schiy nt WDod- 
bridge, and is named the Uaritan fire <lav lM<l.ili''n (!ironL!,h 
about 4 feet of clav w^ith liunite and a hiv. r <•( *• hard pai/," or 
cemented sand, and then 4 feet into llii- lv:;rifan )m.u, i- (];iy 
bed. East northeast of EllisonV, a pit dii- mar tht- ( ro— way 
brook and the road which leads southward i" ilir ne ail^w- Irom 
Bonhamtown, is also supposed U) have op. {i, 1 tljrs l^d Still 
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further towards the northeast some of the clay dug by David 
Flood in one of his southwest pits may also belong here. 

This bed appears north of Bonhamtown at Carman's brick 
yard, and in the pits of W. C. and E. Mundy and George Phcenix. 
At the first named of these places the clay was mottled red and 
white, and was said to lie on the shale. On it there was the clay 
containing lignite. In Mundy's pits the same relation between 
the clay and shale was observed. The top of the bed hereabouts 
has an average elevation of 78 feet above mean high tide level. 
This bed has been struck by the auger in borings in the Pennsylva- 
nia R. R. Co.'s gravel pit at Bonhamtown and on the farm of Harri- 
son Martin, northeast of the same place. Going northeastward the 
next locality where this clay bed is recognized is at the pits of 
George W. Ruddy, one mile northwest of Woodbridge. Here also 
the red shale is found at the bottom of the pits, underlying the 
clay. The mottled clay dug at Edgar station on the Woodbridge 
and Perth Amboy railroad, is the most northerly outcrop of this 
bed. At Ruddy's the elevation of the bed top is 36-38 feet. 

Southwest of the Raritan river the white clay on the Island 
farm and that on the adjoining Devlin farm, being on the lines 
of strike passing through Charles M. Daily's and B. Ellison's clay 
pits, and at about the same level, are included in the limits of 
this bed, and they are its most southern outcrops thus far dis- 
covered. A reference to the map will show that the area, within 
which this clay bed may be found at workable depths beneath 
the surface, is large, reaching from the Sand hills to Martin's dock, 
and southwest beyond the Island farm at the mouth of Law- 
rence's brook. In consequence of the gentle slope of the surface 
throughout much of this distance the breadth of working terri- 
tory will probably be found to be greater than it is in the outcropsof 
either of the other beds of this formation. Up to this time this 
bed has not been developed to the same extent as the others, and 
future explorations and working must add largely to the list of 
localities and our facts concerning it. 

This clay bed has been recognized still further wesi, beyond 
the limits of the clay district, near Ten Mile Run, on the farm 
of Isaac Webster. Its elevation there is nearly 200 feet, and it 
there also lies immediately upon the red shale. The descriptions 
of these western localities appear in Chapter II. of Part II. of this 
report. The composition of Webster's clay is included in the 
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table below with the others of this district — for purposes of com- 
parison. 

This bed appears quite irregular both at the top and at tlie 
bottom, lying upon and conforming to the inequalities of tlie 
shale beneath, and having its surface marked by inequalities, 
some of which are so great that the continuity of the bed is ap- 
parently broken in places, and some of the outcrops seeni more 
like local pockets or deposits than the parts of one continuous 
bed. The red shale surface has given character to the bottom, 
receiving as a great sloping floor the clay as it was de[)Osited 
upon it. And this rocky basis, by its greater elevation in some 
places, may have interfered with the deposition of the clay and 
thereby occasioned the formation of some isolated bodies or 
masses. But these separate outcrops, if there be such, will all be 
found having the same general dip towards the soutlieast and 
the same elevation on given lines of strike. The toj) of tlie bed 
has been in most places towards the north, very much exposed 
to the denuding agency of the northern drift, and after that to 
tlie wear of the natural drainage of the country, and by lliem 
has been very much modified, so that in places, as at Edgar's 
station and at Carman's brick yard, only a thin layer of clay — a 
remnant of the bed — has been left. Along Mill brook, from 
Mundy's pits to the Raritan river, the bed has been eroded so 
that none of it remains. In consequence of the modifying agen- 
cies that have acted U{)on it, the thickness of tlie IhmI varies e(»n- 
siderably, from a few feet to a maximum of about 20 feet. Tlie 
latter, as the limit, corresponds to the reqiiinMiients of tlie gene- 
ral section (appended to tliis report), in order to in<lud(^ all the 
localities represented upon it. The northwest edgr orentne*}) of 
this bed may be a natural tliinniug out of the formation in that 
direction, and not a result of the drift denudation. 

This clay bed has been recognize<l at the several localities l»y 
its immediate contact with the shale an<l by its elevation, a^ re- 
ferred to planes corresponding to its top and bottom, drawn 
from known heights at given localities;. It has. howover. -ome 
characteristics that are generally srcn. Mo^i of the day in it 
shows, on close examination, a laminai'-d stiuctnrr and a lark of 
homogeneity, as if the materials of wliirli it wa^ foiari^d wei-e of 
somewhat diverse origin. This sc.-ni- pariieiil.'iriy true ..i" (lu^ 
lower part, near the shale ; and in -ome of ihc |>ii<, a- at Charles 
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M. Daily's, it looks like a mixture of blue clay, alternating in 
very tliin layers and laminse with fine shaly material or earth. 
This latter may be largely from the wash of red shale or earth 
tinged by it. In general, there does not seem to be the same 
uniformity in material which is so characteristic of the best por- 
tions of the higher fire clay beds. At Ruddy's pits some of the 
clay has been found containing traces of copper, which is evi- 
dently from the copper-bearing beds of the Triassic shales. Red 
and mottled colors are also common, and almost characteristic. 
Another observed chaiacter is the low degree of plasticity. The 
rich white clays of Weidner's pits, near Piscataway, and of the 
Island farm, as well as the laminated specimens from Daily's 
pits, all exhibit this want of plasticity as compared with the rich 
clays of the other beds of this district. Another character of 
nearly all the clay of this bed is the larger percentage of potash 
than in the fire clays, varying from one to two per cent. Speci- 
mens containing much less can be found, and there may be less 
in certain horizons, or portions of the bed ; but taken together, 
from top to bottom,* all the clays of the Raritan potters' clay bed 
have it in amount sufficient to render them fusible at high tem- 
peratures and unfit for refractory purposes. In short, they are 
not properly fire clays. This does not, of course, prevent their 
use nor lessen their value for other purposes. By careful selec- 
tion it might be possible to get some fire clay from some of the 
localities. 

The results of chemical examinations of some of the clays of 
this bed are here given. These are representative specimens : 
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1. Best white clay, Weidner's pits, Martin's dock. 

2. White clay, Island farm. 

3. White clay, Isaac Webster, near Ten-Mile Run, Sorneix t 
county. 

• 

4. Best clay, Charles M. Daily's pits, south of Bonliiiinlown. 
In Nos. 1 and 3 the titanic acid was not deU'rniiiic«I. It i- 

weighed with the alumina in these analyses. The utlit-r hlaiik- 
show that no determinations were made where tliov a|»|)< ar. 
The Island farm specimen here seems to be exceptional, i)Ut a- 
only a foot or so of it was dug and that in a single .<inall ])it, it 
cannot be considered as representing the locality. The <.>tliers 
exhibit the potash present in quantity. 

TheRaritan clay bed is interesting geologically on account ot" 
its position at the bottom of the plastic clay serir^ and as the 
first of the deposits of the Cretaceous age in New .K r-^ey. An<i 
it marks the changed conditions that followed the dejKJsitlon ot 
the shales and sandstones of the Triassic age. Instead ot ihf 
shaHow waters and sandy flats of the former age there wa> a 
general subsidence, deeper water, and sheltered sias in which 
was silted down the suspended matter carried hither l»y tlie 
gentle currents from the surface degradation (^f gneissic and 
granitic rocks which lay to the southeast. 

TheRaritan potters clay bed is sej>arate«l from the Kariian 
fire clay bed in B. Ellison's pits, southeast of Bonhaintown. by a 
layer of sandy clay, which has in it considrralde ligniie, and a 
layer of so-called hardpan, or cemented sand. Tin rlay layi r is 
2 feet thick and the hard pa a 1 to 1:^, teet thi< k. making, 
together, nearly 4 feet. The lignite bearing clay i- << m at 
Carman's pits, north of Honhanitown. 'J'Ihsc ;:!•. iliv only 
localities where it has been observed anti thev air h;ii<;i\ -ntli- 
cient to allow any definite conclusions l»eing drawn lioni ih» n), 
regarding tlie space between tlusr tw(» elay brd.-. nw the 
general section this interval is s(ar« ely n<'li< rul-ir. In W iiluini 
B. Dixon's pits at Woodbridge there i- a -.mdy rl.iy ;i! ih<- bot- 
tom, but nothing is knowMi of its thickiK-- <>i' oi" lix )« •!> liiKhr 
it. More facts are needed to deteriuiih' the jmIui'. aii<l f.\t< ni of 
these intermediate layers. For the pr- -• nt Hm \ ;nv i--t[iiM d. a- 
a provisional' arrangement, to be 1 r< < t 'lii-k .ii 1 • <».ii-i^t 
mainly of clay and lignite, according t> tin -< - ■ .-n n l.lii-ou'< 
pits. 
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RABITAN FIRE CLAY BED. 



As has already been stated this bed follows, ascending in the 
series, the Raritan potters clay bed, and is separated from it by 
a thin layer of lignitic clay and a cemented sand, or hardpan. 
This bed was first recognized, as a distinct and well defined mem- 
ber of the plastic clay series, at the pits of William B. Dixon, in 
Woodbridge. From this locality it was for a time known as the 
Dixon bed. The identification of the clays at the pits of David 
Flood and B. Ellison, southeast of Bonhamtown, as belonging to 
this bed, has extended its limits and proved it to be more or less 
uninterrupted from Woodbridge southwest to the Raritan river, 
and probably beyond this stream, corresponding in direction and 
extent with the Raritan potter^s clay bed and the Woodbridge 
and South Amboy fire clay beds. Continued exploration and 
clay mining will undoubtedly discover and open new localities 
of this bed. The map and appended section sug.c;est these. 

Beginning at the southwest, this bed is opened in the south- 
west pits of B. Ellison, where it is 8 feet thick. In a pit west of 
his house it was found 15 feet thick. The next locality, going 
northeast, is the clay of David Flood's pits, about one mile south- 
east of Bonhamtown. Here the bed is covered by the fire sand 
bed, and that by yellow, sandy and gravelly earth. The eleva- 
tion of the bed (top) here is 47 feet. It is a little lower at Elli- 
son's. The only other locality is in Woodbridge, at the closely 
adjoining pits of Wm. B. Dixon and Lewis Potter. Here it is 
covered by drift, and is of varying thickness — from 5 to 15 feet. 

The clay of this bed is characterized by its drab color, its con- 
taining very fine sand, and its small percentage of potash. The 
specimens examined show from 29 to 50 per cent, of fine-grained 
quartz sand. The composition of specimens taken as represent- 
ing the three separate localities, is as follows : 
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Alumina. 27.13 1 ">.7u 

Silicic acid (combined) * ; 31.32 1^ 13 

Water „ | 9.G3 9.r,o 4''M 

Quartz sand 29.00 j>"9 

Ferric oxide I 1.2f; 1 21 

Magnesia. ; O.OS 

Lime | traces 

Potash traces. n.42 ClT 

Soda I traces 

Titanic acid l.lKi l.-l 



Totals l()(».3o , •♦•» si 



1. William B. Dixon's clay. 

2. Davfd Flood's clay. 

3. B. Ellison's clay. 

In No. 2 the percentage of water shows the amount of sand to 
be quite small. 

In No. 3 the percentage of quartz sand is a little higher tlian 
in some of the clays from that property. It is a varying con- 
stituent. 

FIRE SAND BED. 

This sand is seen at the bottom of the pits dug in the A\'o<)>l- 
bridge fire clay bed; and as the openings in tlie hed are nume- 
rous about Woodbridge and along the Raritan river, the locali- 
ties of this sand are also manv, and in several plaers IxmIulis, 
made in search of clay, have gone nearly thronuh it. As tiir 
Raritan fire clay bed has not been discovered at any pnini r.ii<Kr 
the Woodbridge bed, there is no vertically measured -irn^n 
giving the thickness of the sand separating them, l>u( tVt>f:i ihe 
general section, accompanying this report, the veitiral ui^tam e 
between them is found to be tit'teen feet, which, of conr^. . iini-t 
be the thickness of the fire sand hed. At the h.nik of A. IhilU^: 
Son, in Mutton Hollow, a boring is r("[)()i-trd ;i- uoiiiu 1 I i"'^! into 
this sand. It was said to be mixiMJ with stirak- "i" !< iMi-h, 
sandy earth and fine gravel. In Lnughri<l-( A I'-v • r- ; ;:-, 
near the Woodbridge and New lirun-wirk umI. ;; 1.- J. i. < t 
deep went 13 feet into yellow sand and iht i; ^ i- . i i , -. , -iH. ly 
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This latter is probably the Raritan fire clay bed. At the bank 
of the Salamander Works a boring, made several years ago, is re- 
ported to have passed through 27 feet of sand from the bottom 
of the clay bed as then opened and worked. This must have 
reached the level of the same fire clay bed, but the earlier 
borings were not so skilfully nor so carefully made as now, and 
a sandy clay might have been overlooked or not recognized in 
the small pieces brought up by the auger. Under the fire clay 
in J. R. Watson's bank, borings show 20 feet of sand. The sand 
under the clay in William P. Edgar's bank, B. Kreischer's bank, 
and the east bank of the Grossman Clay and Manufacturing 
Company, has been found containing lignite and, occasionally, 
pyrite. 

The fire sand in the pits of R. N. & H. Valentine, M. Compton, 
Charles A. Campbell & Co., and David Flood, north of the Rari- 
tan, is in each of these localities lower than the horizon of the 
Woodbridge fire clay bed and in that of this bed. 

The material of this bed, as already referred to, is generally a 
white quartzose sand. In places it contains a little fine gravel. 
Fragments of lignite also are common in it. Thin layers of yel- 
lowish and reddish earths are occasionally seen in it. In gene- 
ral, its characters are not so clearly marked or so persistent as 
those of the clay beds above it, and hardly decided enough to 
admit of easy recognition, unless the accompanying and over- 
lying clay bed be present to enable one to identify it by its po- 
sition. 

W00DBRIDG5 FIRE CLAY BED. 

This is one of the most important members of the plastic clay 
formation. On account of the great commercial value of much 
of its material and the important uses to which it' is put, this 
bed has been excavated at many points, and widely explored 
for additional workings. There are, in consequence bf these 
openings and explorations, the best facilities for studying its 
geological relations, structure and character. It has been named 
from its development and the many pits where it has been 
opened and worked, in the vicinity of Woodbridge. Excepting 
the clays of George W. Ruddy, L. Potter and William B. Dixon, all 
the fire, ware and paper clays dug about Woodbridge and south- 
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ward as far as Anness' and Benton's pits, near Spa Springs, 
belong to this bed. But this is only one group of opeinnus or 
outcrops. Separated from these by the high ridge (\vln\ h is a 
continuation of the Short hills), running from Po{)lar lull to 
Perth Amboy, are the several clay banks on tiie north side of 
the Raritan river, from Eagleswood westward to Bonhamtown. 
These are often termed the Raritan rive)* clays. Tlie i)it.s ihi ihe 
J. H. Manning farm and the pits of John De Bow and Kdwar^l 
F. Roberts do not, however, belong to this bed, but are in the 
higher South Amboy fire clay bed. The position, association nnd 
character of the materials in these pits along the Raritan show 
their intimate relation to the Woodbridge group, as parts of the 
same bed. Whether these two groups of outcrops and workinus 
are connected under the high ground lying between them, or are 
separate bodies or deposits of the same age and origin, is at 
present unknown. And this question can only he solved ]>v 
further exploration in this intervening territory. It may be that 
this ridge has in it a core of red siuile rock in place, of which the 
little hill of D. Watrous, two miles northwest of Perth Amhuy, is 
an isolated outcrop, that has not been covered hy drift. The Jmne 
probable explanation is that the ridge is a continuation of tlu' 
Short hills, and is a part of the great terminal morainr, wlii.h 
here covers deeply the Woodbridge lire clay hud and (Ik^ hi-jihr 
members of this formation, and by thus cunccaling, divides, ^w ii 
were, the outcrop of this bed into two distinct groups of localilirs. 
The existence of the feldspar bed near tlie {()[) of this diridlnf/ lidge 
also indicates the presence of the lower mendjcrsof the sriie- i>e- 
neath it. Future exploration and exeavati<jns will prohaiijy -.wni 
prove the continuity of tlu^se outcroi)s and dispel the prevail iii_: Ix- 
liefin their separation. Tlie general section ap[>euded lo {]{]- w- 
port and described on page 08 exhihits nearly all the I<Maliii<.'S 
wherethisclay bed is opened, or seen, and thesi'are re[)ri -< nted in 
their relative position as determine<l l»y the lines of sirikr. in 
the thickness of the bed, as cut in (he-f scvci-al ]oealiti< - and in 
their elevation above the level of naan liigii lid*-. In ilii- k]ir<< 
there is considerable variation, as «)!»-. 'r\.(l in ilir diil'./r-m pits. 
And this is more generally due to in'"|U;i]i(ir- in ih-' -m la' <>, ov 
top, than in the bottom of the hed. And ile -. rlian-i - of ! vel 
or irregularities of the surface ai-r fVt-'jU« nt, wnlnu -Iioil 
distances, and there are many in-iarnr- kii'»wu wler- the 
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top line has abruptly fallen from five to fifteen feet. Wher- 
ever a considerable area of the bed has been uncovered, 
this undulating character appears to a greater or less ex- 
tent; sometimes rising and falling quite gently, forming ridges 
and dome-like knobs or elevations and irregularly shaped 
depressions or hollows ; at others, marked by exceedingly irreg- 
ular '"bunks" as the miners call them, and sink-like iioles 
that succeed each other without any apparent order or system 
resembling on a smaller scale, the uneven surface so characteristic 
of much of the drift areas of the Short hills and other moraine 
ridges. These irregularities are characteristic of the top, or sur- 
face of this bed very generally throughout the district. There 
are, however, pits where the bed is more uniform and the top ap- 
proximates to a plane surface. This irregular surface has been 
observed very marked in some of the pits west of Woodbridge; 
for example, in those of Loughridge & Powers, a difference of 17 
feet has been seen within a few yards. And here, the bottom, 
also, being quite uneven and not corresponding to the top, the 
clay has been found in places 40 feet thick. In Hampton Cut- 
ter's bank, south of Woodbridge, the top line has been seen run- 
ning in nearly a straight line for several rods. In the banks 
along the Raritan river this bed seems to be more uniform in 
thickness and less irregular in its surface line. This regularity 
in stratification is very beautifully exhibited in the bank of A. 
Weber and the east bank of the Grossman Clay and Manufactur- 
ing Company. But in these this bed is covered by the over- 
lying members of the series in their regular order of succession 
and these in their turn by the drift beds. It may be stated as a 
fact of general occurrence that there is more inequality in the 
surface of the fire clay in the lower ground, or wherever the bed 
is not covered by the dark colored sands and clays that belong 
geologically over it, but by drift only. In such localities the 
surface features are to be regarded as the results of denuding 
agents which have removed the higher beds of the series and 
worn down the clay into furrow-like depressions and sink holes, 
and left it to be subsequently covered by deposits of the glacial 
and post-glacial epochs. This wear or denudation may have oc- 
curred in the time of the glacial drift or long before it in Creta- 
ceous or Tertiary times, and it may in the latter case have been the 
wear of natural drainage rather than the work of any extraor- 
4 
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dinary floods sweeping over the land of those a^es. This 
difference between localities where the bed is covered bv dark 
colored sands and clays or by a thin layer of drift, is well ex- 
hibited in the banks of Charles A. Campbell & Coini>iiny, at 
Sand hills, along the Raritan. In the old bank near the Perth 
Amboy and New Brunswick road, the fire clay is covered by 
these higher clays and sand; in the southern pits, in tlie 1«j\v«t 
ground, about two acres of the clay bed stripped of the top diit, 
show the inequalities of such surfaces. The hi^^h bank of K. X. 
& H. Valentine near the same road, and the southern i)its of 
the same firm also illustrate this difference in the surface. In 
Isaac Flood's bank, east of that of Valentine Brotliers, the lire 
clay bed is covered at the east end by white sand, wliile at the 
west end the black clay lies upon it, and there the t()p of the bed 
is five feet higher than at the east end where the covering is 
drift. For additional facts illustrating tliese general statements 
the reader is referred to the chai)ter on detailed descriptions of 
localities. 

The continuity of this bed is in ])laces wholly interrii]»ted 
by breaks or gaps, which show that it was not deposited uni- 
formly, or that there was a considerable wearing away, or ero>i')n 
after its deposition. Tliat there was such erosion is evident in the 
clay pits worked on either side of sucli dei)ressions which iwv 
lower than the general level of tlic clay bed. This can he -crn 
in the pits along the valley of the brook between l>avid Mood"^ 
clay and that of the Salamander Works, also alon.u' the hraiicii 
of Heards brook between the pits of Melick Ihotliei^ nnd J>. 
Kreischer & Son on the east side and those of ^\'illi;.lll II. !>< nv 

• 

and others on the west side. The valley along IIm- M« ui' li* u innd 
between David Flood's clav on the west and \\'illiaiii II. lU ii\">; 
on the east, is another example of an eroded val!< y, nil <.ut 
after the deposition of the Ixdsof llii< clay foi'inaf i-.i.. N-'iUi- 
west of David Flood's fire clav hank hnrin<x< <]in\v h' i k -andv 
clays, but no fire clay. lien- is an e\ain[)K' of 'i^-; :; in luc 
interval of time between the dejx'-jiinn <>f liir lan* ; I i!i;:i of 
the former and higher, or more re<( m, -train. Mm, -!!.•.. di- 
ties could be given where the oM< r -M\iia aj>i': ;.r *• . .• !.• .u 
replaced by the more recent. Moi- fr- in. ii;|v w ■ ii -w^ 

and depressions and breaks HIKmI i \ .hilt m, • i i,,,- 

that these inequalities in the -ni i i ■ i - l-ii.. ;:, . :,[ 
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age of the drift or diluvium. The bottom of this bed approxi- 
mates to a plane, descending to the southeast. It has some in- 
equalities making it in places higher and in others lower, but not 
rising and falling with the surface. This could not be so when 
it is consMered that the bottom of this is the top of an older bed, 
or beds, upon which, as a great floor the fire clay was gently laid 
down. And hence the uneven upper surface of that older bed 
is represented by the bottom which is reached in the fire clay 
pits. 

As the top and bottom of the bed are not generally parallel 
planes or conformable to one another, the thickness of this 
member of the clay formation is subject to the inequalities of 
both, and is, consequently, more varying than it would be if one 
or both were more regular, or plane surfaces. And it is seen 
ranging from a few feet to 10 feet thick. The average of all the 
pits, where the bed appears well developed, is about 20 feet. The 
general section appended to the volume shows, by its parallel 
lines following the dip, that this agrees with the mean or ave- 
rage of all thereon represented. For the exceptions, the reader 
is referred to the descriptions of localities. 

This bed is mainly a bluish-white refractory clay, mixed with 
more or less fine white quartz sand. Its composition is repre- 
sented by the following eight analyses of good specimens of as 
many No. 1 fire clays taken from diff^erent banks : 



Alumina 

Silicic acid (combined). 

Water 

Quavcz Hand 

Ferric oxide 

Magnenia 

Lime 

Potash , 

Soda 

Titanic acid 



Totiilf 



1 


1 
2 


1 

3 


4 


40.14 


37.94' 


38.87 


36.49 


42.88 


44.26 


44.77 


42.82 


13.59 


14.10 


12.97 


12.42 


0.50 


1.10 


0.80 


5.80 


0.51 


0.96 


1.14 


0.78 




1 0.11 


0.11 


0.11 



8 



37.92 35.95 36.34 36 78 

42.40 38.181 36.60i 40.28 

14.60 12.38 12.23j 13.06; 

1.41 10.50 12.33i 8.10 

1.05 0.961 0.97 1 1.02' 

tracesl 0.04^ 



0.41! 
0.08' 
1.42 



0.15! 0.16! 



1.30; 1.30! 



0.45 1 
1.12! 



0.35 0.37 i 0.08j 0.15, 

0.37 ■ ' ; 



1.41 1.61 



1.52! 



3/. 00 
41 .52 
13.17 
5.07 
0.92 
0.09 
0.10 
0.26 
0.22 
1.38 



99.63 99.92 100.12i 99.991 99.51 99.95i 100.07: 99.43 100.28 
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1. Loughridge & Powers' fire clay, Woodbridge. 

2. Hampton Cutter & Son's fire brick day, Woodbridge. 

3. Hampton Cutter & Son's ware clay, Woodbridge. 

4. A. Hall & Son's fire clay, Woodbridge. 

5. Wm. H, P. Benton's fire clay, Woodbridge. ' 

6. Crossman Clay and Manufacturing Company's Jirc clay, 
north shore of Raritan river. 

7. Charles A. Campbell & Go's white fire clay, nortli shoiL- of 
Raritan river. 

8 R. N. & H. Valentine's fire clay, north shore of Raritan v\ v» r. 

9. An average, 1 — 8. 

While this may be taken as representative of tlie whole, tiiurc 
are many exceptions. The following order in tlio nature of tin 
material from the top downward shows the more eoniinon clmr- 
acter of these variations : 

Sandy clay. 

Alum clay. 

Fire clay. 

Spotted or red clay. 

Sandy clay. 

Extra sandy clay. 

These are not to be understood as seiiarate layers, but -ini]>iy 
parts of one continuous bed. This shows tliat both at tli' i-.p 
and at the bottom there is a larger projKM'tinn of snn<l and v; rv 
frequently the bed is found more and more sandy until it i- l"<t 
in the sands above and below. lCsi)ecially is tlii> true al ilh- Im.i- 
tom and the gradation is so genth^ that it is diHieult in -<-:j>e 
places to fix the limit between thoelavan<l ilie -an'l>. 11 m umiji 
clay is not so well marked nor so eomnion. It may !•<' il< iihed 
as that portion of the bed wliich eontains some pyrii- . t>\' -ul- 
phide of iron with some sulphates of ir<)n and ;ilumiii;i .nol 
which is not good for refractory purp- •-(•-. wli< rea< ii ;iii-\\ers 
quite as well for the manufacture of alum. It is di-tiiinui-Ih <1 
by these little nodules or lumps of {.yriu- and l»y it^ vrliow ;nid 
dark colored or dark mottled color on w. iiie ii .1 -ni liet -. 

The^best clay of the l)ed is comm<»iiIy m i in' <•( inr.il j)Mi-ii(..ii. 
or about half wa}^ between top and }m;,m]h. l-m iIm— \;iiLnion.- 
have so wide a range that it is imp"— ii-it i" !)« -ii iJnii ■ npou 
this point. The spotted and red cl.ix- i • iii>-i \vhirli . (.nijin a 
large percentage of iron and wliieli y xi-- in ile m a- l. 1 1 ir oxi,;,.^ 
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giving them a red or spotted (red and bluish) color. They are 
termed mottled clays, and also, simply red clays. The line of 
separation between these red, spotted and blue clays is always ex- 
ceedingly uneven and the clay often appears to be one mass, 
which has been made by the most irregular mixture of large and 
small masses and fragments of these different shades of color. 
In some places these colored, or more properly discolored, clays 
are not found and the whole bed is blue or bluish white clay. In 
others the red clay is at the top, as if this part of the bed had 
been in some way thus discolored by agencies from above ; in 
still others it is found at the bottom, but it is more generally 
found towards the bottom, as in the order of arrangement given 
above. Some of these latter seem to indicate an original uniform 
percentage of ferric oxide throughout the whole bed which has 
been removed from the upper part. 

The sandy and extra sandy clays contain such varying per- 
centages of sand that their composition can be given only 
approximately. A typical specimen from Loughridge& Powers' 
pits contains 52.6 per cent, of quartz sand. 

From the Woodbridge fire clay bed upward to the feldspar bed 
there is a distance of 65 feet, which is occupied by sandy and 
dark colored clays with irregularly interbedded layers of sand 
Some of these beds are largely worked for common red brick and 
pipe materials, and these excavations, together with those neces- 
sary for the removal of these higher beds in many of the fire 
clay banks, afford good opportunities for the examination of 
the lower of these strata, but the whole series is not to be seen at 
any one locality or in any one vertical section. In the Wood- 
bridge group of pits the overlying black clays run up to 40 feet 
in thickness Along the Raritan also they are very well exposed 
both in the clay banks and also in the high bluff at Florida 
Grove. The sub-division, as given in the columnar section 
above, see page 34, is not everywhere equally plain and well 
marked. It may be regarded as provisional, particularly towards 
the top, subject to alteration and further sub-division after ex- 
tended workings have made the order more clearly defined. 

SANDY CLAY, INCLUDING LEAF BED. 

This bed is easily traced by its contact with the fire clay and 
by the leaf prints, or impressions so numerous in it. These are 
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occasionally seen in other strata of this formation, but not in 
such numbers as here. This leaf bed, with its fossil remains, 
appears in David Ayers' pits, S. A. Meeker's pits, IIani}>t..n ( ut- 
ter <& Sons' pits, in Isaac Inslee's pits, near WoodlnidLr^ , in tlu- 
Woodbridge Clay Company's pits, in the east bank c)t" the ( ro^^- 
man Clay and Manufacturing Company, and at the bottcnn of th« 
brick clay bank of Sayre & Fisher, on the Raritan rivoi-. Kls<- 
where the sandy layers appear, but they have not been exauiine^l 
for such organic remains. Careful explorations will no (l«)ui>t 
result in their discovery in nearly all places where the bv-tl i- 
found. And this may be considered as the inHne<li.ite an om. 
paniment of the fire clay, and a guide in explorini! for tb* 
underlying Woodbridge tire clay bed. It is difficult to deterniinc 
accurately the thickness of this leaf-bearing sand bed. At tlic 
bank of the Crossman Clay and Manufacturing (Vmip.'.ny. wbcrc 
it lies between the top white clay and the fire elay, it i> >ix feel 
thick. In R. N. & H. Valentine's bank there is live or -ix irt.t o 
such sandy layers between the pipe clay and tlie fire ilay. Ir 
some of the banks it is onlyoneor two feet thick, while in otluMv 
its limits cannot be fixed witli anv cei-taintv. Liunite or, as i 
is more commonly termed, lood, and i)yrite (sonietinies know 
as "sulphur balls") are also common in tliis bed, and the d;ir 
color of the sandy mass is often dtie to tlie amount of carl-'iii 
ceous material disseminated in small frauDients and |);irii(l 
through it. This is sometimes so abundant lli.it tbe bed aj-p. . 
made up of many thin layers of compressed woiuly maitii 
the form of flattened limbs and trunks of tree- nnd I' nf impi 
sions packed so closely to<j:etlier tbat it is dilTn'ult (<» <<» li< ; u 
specimens or well marked prints. Tbese all lii- wiili iii< -n.. 
cation, that is, with their longer axes conformable l<> i!m i- 
of bedding. In the banks of 11. Cutter cV: Son-. an«l at S;i\!. ^ 
the bed seems like a great ]ierl)arium, with its specinieii- n 
pressed and preserved in the sandy layer-. 

riPK CLAY. — (TOP Willi j; I I \N. '. 

This subdivision, as well as it^ liaui*', <•■ .m. - I'l.-in tli.- il 
tion seen in the adjacent baid<s of ile < i.^-in i. t \i\ ...il 
facturing Company and A. \\\b. r. \\ :- i; .li" i- n ir- 
the so-called top xvhiic dnyy and tbe < ! ;\ - n\ . v w. w iii. Ij ;; 
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as pipe material. The best of the top black and dark colored 
clays in the bank of the Salamander works, and in those adjoin- 
ing it, along the Woodbridge and New Brunswick road, and also 
those in Mutton Hollow, as in J. R. Watson's, S. A. Meeker's, and 
Melick Brothers' banks and in Isaac Inslee's pits south of Wcod- 
bridge, H. Cutter & Son's, and the pipe clays in the banks along 
the Raritan, and the hard clay stratum at Sayre & Fisher's brick 
clay blank, used for front brick, are all in this member of the 
clay series. 

The stiff blue clay stratum in W. S. Petit's brick clay bank on 
the South river, and the five-foot blue clay layer in Willett & 
Yates' bank, at Washington, are also to be referred to this mem- 
ber of the clay formation, although in neither of these banks has 
the lower Woodbridge fire clay bed been identified. 

It has been represented in the columnar section as 10 feet 
thick, but like the sand bed underneath, its thickness varies in 
different localities. In Watson's bank there is 8 feet of pipe clay ; 
at the Salamander Works' bank the pipe clay, including three 
feet of sandy clay, is 11 feet thick. At Weber's bank and in the 
east bank of the Grossman Clay and Manufacturing Company 
there is 12 feet, including a blue pipe clay 3 feet thick ; then 2i 
to 3 feet of black sandy clay ; 3 feet of black pipe clay ; then 
the top white clay 3 to 4 feet thick. Near Crows Mill creek, in the 
pit of the Woodbridge Clay Company, this bed is 9 feet thick. 
At R. N. & H. Valentine's bank there is a laver of dark colored 
pipe clay 4 to 5 feet thick, which belongs in this subdivision. 
The front brick clay at Sayre & Fisher's bank is about of the same 
thickness. These examples show that there is in this, as in the 
lower strata, the same moderate range of variation from certain 
fixed limits, which are to be taken as the mean or average of 
many localities. 

As has already been stated, this sub-division in some places 
consists of two to four distinct layers or strata. Generally there 
is a thin and sandy stratum interposed between two layers of 
pipe clay, as if the middle of the bed had received a larger per- 
centage of sand. A more detailed survey of localities may find 
additional facte sufficient to justify a triple or four-fold sub-divi- 
sion of this member of the series. The material of this bed, as 
here limited and described, shows a wide range in character. 
The top white clay of the Grossman and Weber banks may be 
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taken as typical of the purer clay of the bed. This contains 
about 50 per cent, of sand, and about one per cent, ferric oxide 
and 2.64 per cent, of potash. The equivalent of this layer — in 
Sayre & Fisher's bank — the front brick clay, has tlio to]lr»\ving 
constituents, as determined by analysis: 

Alumina L*> 24 

Silicic acid 'J'.*.! 3 

Water (..t.d 

Quartz sand J^. <■•:'» 

Ferric oxide «.7ii 

MagneKia <».r.* 

Lime 

Potash J.s: 

Soda 

Titanic acid l.o"? 

Totals :• <.r 

These figures represent the best i)ortion of this bed, altlmuuli 
there i§ probably less potash in .some of the blaek elays that are 
included in it than in these clavs whose analyses are here j-ivrn. 

ft. ft ■ ^ 

Some of them are certainly more sandy. This irradation IVoni 

4/ ft. r^ 

richer to poorer, or more sandy elays, is scm'ii here as in all the 
other clay beds,and this notonlyingoini:^ yertieally, but alsolmri- 
zontally,from point to point, thus explaininu" the differenee^ wliirli 
are to be seen in correspond inii; seetions of the same layers takrii 
from different banks, or eyen from points in (he same haidc. 
There is the general correspondenee runninL:; throvi-h ilic ya ly- 
ing details of each locality. Lignite is not so al)uin];int a^ in the 
beds above and belo\y this one. It occurs more eoi^imonly in th(^ 
sandy layers, and not in the riclicr j)orti(>ns of thelud. 'I li. i" is 
some carbonaceous matter in all the elays of darkir <l:;elt- (»f 
color. In one from the bank of If. CuttiM* ^V: Sons — a Mark day — 
it amounts to 6.73 percent. This is exceptionally lariiv. 'Jlio 
average is estimated to be 4 percent. Jt i< disii'il»nied <jtiii«' uni- 
formly through the mass, and u^iyes it lli." d.uk \Aui- tn i)]a<k 
color so common. As this is consumrd in llir kiln, -iirh i lays 
burn \yhite. Pyrite is another (piitc f(.]iiinMii ( ..ii<i it ii< m of the 
clays in this bed, but nearly alwavs in tli«- niMi^- -andv pcif i-ms 
which are not used. It is genei'ally a^-iwian -i wiih tkr liL:nii('. 
It is seen in the thin layer sej)ai'atini: tin l.kick pipf aiel tlic k>lue 
pipe clay layers of the east bank of liie Ci" — neiM (lay and 
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Manufacturing Company. The top white and the best pipe clays 
are free from it. No leaf impressions are known to have been 
found in it, but they may exist in some of its sandy and lignite- 
bearing layers. This bed has furnished the few shells and casts 
of shells which up to the present time have been found in the 
plastic clay formation. These are of one species only, viz. : Cu- 
cuilea anirorsa. They were found in Valentine Bros.' bank, on 
the Raritan river. Additional localities and specimens of this 
shell, as well as of other species, are anticipated as the results of 
further diligent search for such fossil remains. 

LAMINATED CLAY AND SAND. 

This member of the clay series is well developed in many of 
the banks about Woodbridge and also in those along the Rari- 
tan, especially where the bearing, or top dirt, is thick. At many 
of them it is the uppermost clay in the bank, since none of them 
as yet are high enough to reach the next higher member of the 
series. The bottom sandy clay of Isaac Inslee*s pits, near the 
Woodbridge and Perth Amboy railroad, is referred to this sub- 
division. The lower half of the brick clay bank of Sayre & 
Fisher is also placed here. Most of the upper part of W. S. 
Petit's red brick clay, on South river, very probably belongs to 
this bed. The black clay and sand dug by Willett & Yates in 
their bank at Washington, and the clays dug along the South 
river for the red brick yards, are also here included. 

This bed crops out at Florida Grove, in the north bank of the 
Raritan, and is seen in the south bank also, near Kearney's 
dock, and thence southwest along that bank to Mount Ararat, 
near George Such's residence. It will be observed that this, with 
the micaceous sand bed which rests upon it, furnish nearly all 
the clay which is dug in this district for the manufacture of red 
or common brick ; and the extent of these beds is quite equal to 
the largest demands. 

As implied in its name, this bed consists of thin layers of sand 
and sandy clay, alternating quite irregularly. Some of these are 
less than an inch, while others exceed a foot in thickness. Both 
lignite and pyrite abound, more, however, in some than in other 
layers, and disseminated irregularly in all of them. The car- 
bonaceous matter gives the dark color to much of the clays in 
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this sub-division. The sandy layers are almost all white quartz, 
although in places blackened by small fragments of lifrnite. In 
consequence of this sorted character of these layers and hnninio 
and the lack of homogeneity, as well as the very general i)i uva- 
lence of both pyrite and lignite, the materials found in the m are 
only used in the manufacture of red brick. Some of tlie layers 
might be used for more valuablQ purposes. The division ))lane 
between this and the overlying sand cannot be loeated accurate- 
ly. There are but few sections showing the whole thickness of 
the two, and consequently it is impossible to define exactly their 
limits. As nearly as can be determined, the thickness of this 
laminated clay bed is put at 30 feet, leaving 20 feet (the interval 
between this and the feldspar bed) as the thickness of the sand 
bed. 

MICACEOUS SAND BED. 

While the laminated clay and sand has been most studied at 
the top of the clay banks, where alone it is worked, this sand \kx\ 
is best known from the excavations that ^o down tlirou<rh hiLilier 
beds and stop in it. In other words, it is best known as a hoftora 
bed, whereas the other is generally at the top of the section. The 
localities where this is seen are eoni|)arativ(dy few, partly owini^^ 
to its position with reference to other beds, j)artly to its luivini^ 
no present use, and, possibly, in part to its lack of decided marks 
or character whereby to identify it. l^yin^ next under th<' f(hU 
spar bed, the pits in that material have in most of (he l)a]d<s 
gone down to it, and borings and exj)lc)rati()ns havr thm ^onc 
further into it. At the bank of Charles Anness «.t Son tlii> <lark 
colored sandy bed has been penetrate<l twenty Icrt in l)orinus. 
On the adjoining Forbes farm, a j»it and boring' went tlnouuli 
20 feet of this bluish sand and micaceous clay. It ap}'«>ars in 
Edgar Bros.' t^nk also. On tlie line of the New \c)vk and F.oiio; 
Branch railroad, near Woodbridi^e creek, and under the hnJin of 
James Valentine, there is 14 feet of Mack, saixly aihl iiii<-a«r<)us 
clay, containing lignite and pyrite. Ihre tliis ^;il'-(livi-i«>ii ap- 
pears more clayey than it is under tic /'/J.syn//- in i la- alM.v« -men- 
tioned banks. This bed, or this portion ..f tiir <'lay -crie-^, crops 
out in the hillside at Florida (Jrove. It was dn- v(ar< ai:" <»n 
B. Valentine's place, south of his risid.ncc. and d^wn tla- liill 
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below the feldspar pit. The black clay under the sand at the fire 
sand bank on the property of the Knickerbocker Life Insurance 
Company, from its relations to the overlying feldspar, must also 
be placed here. The top clays at Isaac Inslee's pit, near the 
Woodbridge and Perth Amboy railroad, also belong here. South 
of the Raritan, the top clays in W. S. PetiVs bank, in Willett & 
Yates' bank at Washington, and those in Sayre & Fisher's bank 
at Sayreville, also belong here. As the division plane between 
this and the laminated clay and sand under it is unsettled, some 
of these localities here separated may belong to both. In our 
section 20 feet has been assigned as the thickness of this bed. 

Micaceous sand and sandy clay, dark-colored to black, make 
up the mass of this bed, not uniformly mixed, but more or less 
in layers of varying thickness ; but the sand predominates over 
the clay and gives character to it, distinguishing it from the 
more clayey beds under it. Mica also appears more abundant 
here than in some of the lower strata of this formation. It oc- 
curs in the form of very minute flakes or scales. Pyrite and lig- 
nite are also common in it. No organic remains other than 
those of plants occur in it. 

FELDSPAR AND KAOLIN BEDS. 

The columnar section represents these as distinct beds. They 
are, however, so intimately connected that for the purposes of 
description these layers, and the thin sandy clay stratum which is 
found generally accompanying them, are here included under one 
head — one sub-division, as it were, of this formation. This three- 
fold division is plain at nearly all the localities, but there is such 
a variation in the thickness of the respective layers that the 
figures on this part of the section cannot be considered as repre- 
sentative of any one locality, but as typical of what is seen at all 
of the openings and outcrops. These strata lying ^on the black 
sand and sandy clay, are not seen in the vicinity of Woodbridge. 
The sections there do not reach high enough to include them. 
Nor are they seen in any of the Raritan river banks west of Crows 
Mill creek. There, also, the drift lies upon the laminated clay 
and sand bed, or upon even lower members of the clay series. 
The higher ground between these two groups of clay banks in- 
cludes the higher strata under a considerable thickness of drift, 
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and the most extensively worked feldspar localities are in this 
dividing ridge. At the bank of Charles Anness & Son, tlio /VA/- 
spar varies from 3 to 10 feet in thickness, sometimes in two 
layers, which are separated by a bed of white quartz saixl, and 
covered by a sandy clay bed 1 to 5 feet thick. At the luiuhhor- 
ing large bank on the Forbes tract there is, in most of the |»it.-. 
a sandy clay at the top, which is between a few inches antl i 
feet thick : then there is a fire sand and a sandv clav, resernhlini:: 
kaolin, from 2 to 8 feet thick ; then the feldspar, 2 to S feet thi. k : 
and at the bottom the bluish, micaceous sand bed. A litth* tur- 
ther to the southeast, this bed is opened on the larni of the 
Knickerbocker Life Insurance Company. Still furtln^r south- 
east it is cut in the ^aoKn pits of James Valentine, and In- the 
New York and Long Branch railroad near Maurers hri^k and 
tile works. At the last mentioned place the fehhpar occurs in a 
thin layer, scarcely a foot thick, resting; on the black, sandy clay 
and under the ^rtoKn. On the Forl)es farm the /r'A/.s/>r//- hcd is 
90 feet (bottom) above high water level; in James Valentines 
pits it is 38 feet, and at the latter place the bioll7i is (> feet thick. 
At Merritt's pits, one mile northwest of Perth Amhoy, the 
kaolin varies between 4 and 12 feet in thickness, and ti^erc is no 
clay or /eZdapar of any extent accoinpanyini; it. In Terth Ainhoy 
and its vicinity the kaolin is duic in the pits of A. llall.^V S(»ii, 
where it is8to 10 feet thick, and also along the Easton and Andii>y 
railroad. It also appears in the cut of the New Yoik and Loul; 
Branch railroad, near the depot, besides several ot her places wit li in 
the limits of the city. The/e/(/.^y>ar is wanting- in these piNand ex- 
cavations in Perth Amboy. West of this, and on tin- <«>;;ti>\ve<{- 
ern slope of the ridge, Edgar l^rothers dig the j]''l.<i>"r mar 
Crows Mill creek. It has been found in the clay >haJr <•;! ilu J. 
H. Manning farm, and in a boring under the ehiy ai IM. F. 
Roberts' pits, and also on B. Valentine's lands, near Moiida (iiove. 
These localities are between one and two mile- \\( st-noniiwr^t 
of Perth Amboy. In Roberts' boring. (Hi the Manning farm, 
the three lavers were i)enetrated a< r<>ll«A\-: i.Mldi-li \<lln\\-, 
sandy clay from 2 to 3 feet thick ; J:nnr,i, and while -and, 1 > f*et 
thick ; /rffAspar, 4 feet thick, and at \\\(^ l^.n^ni, -and. s.anh«^r 
the Raritan river this /e/dspar bed ha- Keen oiH-urd l>y I X. < \.1<'. 
man, about half a mile southeast of K'raiicy- <l')-k. The 
^aoiin stratum has been recognized nndrr ile- Squill Aainoy lire 
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clay bed in all the fire clay pits on that side of the river. At 
the pits of E. F. & J. M. Roberts, on the Kearney tract, it is 
found at the bottom, but is not taken out, the work stopping as 
soon as the clay is removed. In George Such's pits the red clay 
under tlie blue fire clay is presumed to lie directly upon the 
kaolin or on an equivalent bed of sand. On the J. K. Brick estate 
the pits are dug through the fire clay and into the kaolin^ and 
this is at least 7 feet thick. At Whitehead Brothers' bank, at 
Sayreville, it is 8 feet thick. At Washington the kaolin crops 
out near the top of the hill above the brick clay and it is there 
opened and dug extensively by Whitehead Brothers. The layer 
there appears higher than the natural dip would put it at this 
point, occupying the horizon, which the South Amboy fire clay 
bed would be expected to fill. The general section illustrates 
this statement. Some of the fire sand and clay of J. N. Cole- 
man's pits between South Amboy and Kearney's dock is re- 
ferred to this place in the vertical geological section. From 
these preliminary notes of localities and from the fuller descrip- ^^^ ^ ^^ 

tion of all the outcrops, given further on in this report, it will a^v^. 

be evident that the strata of feldspar, kaolin and the associated 
clay layer are subject to much variatjon in their thickness and 
character of materials. The average aggregate thickness of the 
three beds is 18 feet, of which the feldspar occupies 5 feet, the 
kaolin 10 feet, and the sandy clay, 3 feet. The surface is marked by 
its unevenness, the inequalities being more characteristic and 
common than they are in any of the clayey beds of this forma- 
tion. 

The names feldspar and kaolin, as used everywhere in this 
clay district to designate these strata and their materials, are 
applied incorrectly. The feldspar is more properly a kaolin, al- 
though not answering fully to all the characters implied in that . 
well known term. It i s a mix ture of.^ rich iday.Jjdik. white fltF 
q uartzose sand and fragments of quartz, nearly all of which are 
slightly rounded on their edges and lack the sharp grained 
character of the quartz in most of the true kaolins. Both the 
clay and the quartzose portions are of a secondary origin, that is, 
they are not the result of rock disintegration in place. Nor are 
they sorted as the materials of the clay and sand beds. There 
is no lamination in its structure nor any arrangement other 
than a most intimate mixture of these two constituents, some- 
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what similar to the blending of quartz and feldspar in some of 
our granitic rocks. Whence it came and how it was cUposited, 
in this unsorted condition over comparatively so laro^o an area. 
and so uniformly, are difficult questions. If there were giu is-io 
or granitic rocks immediately under it, the explanation would 
be easy. Instead of such a rock basis it reposes on a sand IxmI, 
which is one of a series of sedimentary strata and tliese too of 
earthy materials, such as clays and sands, all of which ai>i»ear 
to have been sorted by the action of water during their dvpo-i- 
tion. The mixture is so intimate that there is not tlie slii;htc st 
trace of lamination or stratification in it. As it does not show- 
any wave action or evidences of deposition in water it may be 
considered as adrift of the Cretaceous period probably of quite 
local origin and extent. 

The chemical composition of this anomalous niixtnru varies 
somewhat in the diflfereut horizons of the layer, aeeordin^^ as 
there is more or less quartz in it or oxide of iron stains through 
it. In places it is quite sandy and by gradations, not marked, 
passes into a coarse, clayey fire sand. In others it is diseolored 
by the iron oxide and this appears in the analyses of sueli speci- 
mens. The following analyses * represent the average composi- 
tion of the typical /(ffW^par, viz : 



1 



Alumina Ism,") ]7.'»'> Mnj 

Silicic acid Id.'.'.t I ■•.")•.' 

Water l..'<' « . " l.:i<> 

Quartz Band '.> s,; :r, A\ ; 77 }<) 

Ferric oxide <•.;:» ' . • 1 " ";> 

Magnesia ^'.-'> 

Lime 

Potash Mj:. " ]_ <..i:> 

Soda o.'Jl '»J1 

Titanic acid *'. •" 

Totals ln().:,-v : .'.f.- .t^.7u 



t Including the silicic acid. 

1. jPcM.7>ar from the Forbes' farm, 1 Kill iv workcl l.y \\\ N. WCid 
ener. 



* In tilt' cli^-rnical cxaniinnlion of tln's«» s|>r('iiii<ii- th- ;i 
Th«'y are v« r>- smnll in anunnit. liardly mor*' thun ii.c - 
only. Ill the other analyses It is \veii;iu-<l with tin- >ilu .r i. 
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2. Edgar Brothers' /eWspar. 

3. Feldspar from bank on farm on the Knickerbocker Life In- 
surance Company. 

These analyses show a remarkable agreement among the several 
constituents. They show also that the sand and quartzose frag- 
ments or pebbles amount to about sixty per cent, of the weight, 
which, allowing for the greater density of the quartz, would 
make it about one-half of the mass by volume. 

The specific gravity of the feldspar is 2.283 — 2.321, being con- 
siderably greater than that of the fire clays and a little less than 
than that of pure quartz (2.5 — 2.8). 

The so-called kaolin is a micaceous sand, consisting of fine- 
grained, white quartz sand, mixed with a small and varying 
percentage of white mica, in small flakes, or scales and a very 
little white clay. The mica, however, is conspicuous and gives 
the mass a glistening appearance and a somewhat soft and soapy 
feel, but the sand is very largely in excess, constituting from 
sixty to ninety per cent, of the mass in the more clayey and mi- 
caceous specimens. The ultimate chemical composition of some 
of these kaolins is as follows : 





1 


2 


3 


Silicic acid and sand 


77.10 

17.10 

4.60 

1.30 


89.40 
7.80 
2.60 


92.70 


Alumina and ferric oxide 


5.70 


Water 


0.70 


Potash 


0.36 









1. Is from Mrs. Merritt's pits, near Perth Amboy. 

2. From Whitehead Brothers' pits, Washington. 

3. A typical specimen from Charles A. Campbell & Co., 
Staten island. 

These analyses were partial, made for comparing the kaolins 
with the fire sands, but they indicate the large proportion of 
sand and show that they are simply mica-bearing sands. 

The upper layer of sandy clay is not seen everywhere accom- 
panying the feldspar and kaolin. It is quite often wanting. It 
is very sandy and in most places has a reddish or yellow color 
and contains a considerable amount of ferric oxide. Some of 
it is used, mixed with other clays in the manufacture of lower 
grades of fire bricks and also in saggars. 
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East of Staten Island sound this bed of kaolin is worked ex- 
tensively in several large pits north of Rossville, Stateii island. 
It has been worked to a depth of 18 feet without finding: bottom. 
It occupies the same relative position as in New Jersey, a littk 
below the South Amboy fire clay, which latter bed is sien in 
the pits of Storer & Brothers, B. Kreischer & Co. and William 
H. Berry. 

SOUTH AMBOY FIRE CLAY BED. 

This bed of fire clay is best developed on the soiiili side of (lu* 
Raritan river and within the limits of the townsbi|> of Soiuli 
Amboy, as these ran before its division two years ago. This name, 
then proposed, has been retained as appropriate inasnnuh as tin? 
bed comes to the shore near the town of South Amboy. Liku 
the Woodbridge bed this fire clav bed has been worked extendi vtdv 
at several points and these large excavations have afforded very 
good facilities for studying its relations and structure. The eon- 
figuration of the surface south of the Raritan river does not 
favor a wide development in working, such as is seen north of 
that stream, in the Woodbridge tire clay. In the latter the slope 
of the surface descends soutliward, making a small angle with 
the line of the dip; and as tliis s1o{)l* is in some places (juile ns 
steep as the dip of the clay, the belt of available or working ter- 
ritory — that is, land where tlie clay is within an accessiijle 
depth beneath the surface — is wider than it is on the south of ilu^ 
river, where the slope of the country is towards the nortli and 
northwest, or in an opposite direction from that of tlie dip of tlie 
clays. As the ground here rises quite rapidly, going southward 
the edges of the strata are soon ])assed over, and thr eoveriiiL:. or 
top dirt, becomes too thick for removal, precluding pr<>iilable 
working and exploration. This explains the narrow belt in 
which the several banks of lire clav south of the Karitnn are 
located; Looking at the ma]), we s( e this belt ])cndiug soutli in 
the low ground along Burt's creek, (Im n tnruiiiLi- nonh again in 
thebankson the J. K.Brick estate an<l that of W'hitclnad P»rotliers, 
where the land rises. This bed has h(<n i<U"ntili(<l north of the 
Raritan river at three points, near thr X< ^v Ihun-wirk road, 1?. 
miles northwest of Perth Amboy. Th*- ni<'-l inip<»riaiit one of 
these localities, where the bed has hciii hr-t npLiu'<l and most 
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extensively worked, is in the pits of E. F. Roberts, on the Man- 
ning farm. Here the bottom of the fire clay is GO to 69 feet 
'above high water level, and is between 7 and 13 feet thick. 
Under it there is a sandy clay 2 or 3 feet thick, and under this 
the kaolin and feldspar. These pits and the neighboring river 
bluff, south of them, together make a vertical section of 80 feet, 
including nearly all the strata between the Woodbridge and the 
South Amboy beds. Until the true place of this fire clay was 
recognized it seemed altogether exceptional, being, as it were, an 
isolated outcrop on the top of the hill, and much too high to be 
classed with the other Raritan river clays. By reference to the 
general section, it will be seen that its elevation is that which 
would be assigned to it, knowing the dip of this fire clay bed and 
its correct geographical relations to the other localities of this 
bed. The pits on the De Bow farm, west of Roberts', are also in 
this bed. The remaining locality is on the north of the New 
Brunswick road, on the J. H. Manning place. A deep pit or 
shaft was here sunk through this into the kaolin and feldspar ^ 
confirming its geological position, as indicated by its elevation. 
In addition to these three localities, of which there is no ques- 
tion, some of the reddish clays found in the Easton and Amboy 
railroad cuttings, near the Florida Grove road crossing, very 
probably belong in this horizon. It is also reported as existing 
north of the Manning farm, in some of the higher ground run- 
ning thence to the Forbes farm. 

All of the fire clay which is dug south of the Raritan river 
comes from this bed. It has been very extensively mined in 
the large excavations made by E. F. & J. M. Roberts, on the 
Kearney tract. It has in these pits an average thickness of 8 
feet and is underlaid by quartzose sand, the equivalent of the 
kaolin bed. In most of these it has evidently suffered some loss 
at the surface by wear, or denudation, and afterwards has been 
covered by the yellow sand and gravel drift. In George Such*s 
bank it is generally found covered by sand and sandy black 
clay, in irregularly alternating layers. And here the bottom of 
the bed is red and not properly a fire clay. Proceeding west, it 
appears in the Brick estate bank, under a heavy bed of sand and 
gravel drift and lying on kaolin. The same association of layers 
is seen at Whitehead Brothers* bank, at Sayreville, although in 
some of the pits of this bank there is a sandy bed at the top, 
5 
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which is called kaolin, as well as that under it. The same j^aiul 
drift covers it in Sayre & Fisher's (westernmost) bank and it in 
turn lies on the kaolin. Here it is from 5 to 16 feet thick. This 
bed has been opened on F. Van Deventer's land near the South 
river, one mile southeast of Washington. The diggingj^i weiv 
not of sufficient extent to test the locality. At James Bissett'i^ 
red brick clay bank on the South river, a thin layer of touirh 
and refractory white clay, near the top of the bank, lias been 
supposed to belong to this bed. Its elevation corresponds to that 
of the fire clay horizon, but the layers associated with it <li^ 
not appear to confirm this position. The white clay which 
crops out on the shore in South Amboy near William Allen's 
pits may also be a part of this bed. Its elevation and place 
have been discussed above (see page 54.) The fire clays dug on 
Staten island, near Rossville, by William H. Berry, 8torer ct 
Brother and B. Kreischer & Co., from their relations to the 
kaolin, near the same place, their elevation and their location in 
reference to the fire clays of this district, are also in tliis bed. 
The general section shows these relations and their elevatic^n 
and illustrates this statement. Judging from the localities where 
this bed appears best developed and not greatly worn or denuded 
on the surface, its thickness has been estimated to be ahont '2') 
feet. This exceeds the measurements in most of the pits, but in 
many of these there are evidences that at these points the thiik- 
ness has been diminished by mueli surface wear. The inequali- 
ties in both the surface and at the bottom are verv considciaMi-, 
as can be seen in the pits of E. F. Roberts near Florida (uovt/; 
in George Sucirs and in the Brick estate banks at I^)urr< ci\xk, 
and very finely in those of Whitehea<l Brothers and Sayrc vV 
Fisher, at Sayreville. So also on Staten island this dny is ]-"> to 
29 feet thick in Storer & Brothers pits, while in Kreischer's it is 
only 6 feet. Notwithstanding all these variations the ^cuci-al 
section shows the mean thickness to he ahout 20 tVet. 

The South Amboy bed, like the \\'(M)d1)ridu-e l>ed, show^ nuieh 
variation in the character and in the jHTcrntaua- of it^ SLVcral 
constituents. The order of succession. t>r 'liaiiLfc^ Viitirallv in 
this bed, is as follows, beginning at tiu t-.p : 

Sandy white to buff-colored clay. 

Blue fire clay. 

Sandy mottled-red clay. 
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These are not distinct layers, but gradations from top to bot- 
tom in the one bed. This order is not always apparent. For 
exceptions the local descriptions must be consulted. This bed, 
like the Woodbridge bed, has its upper and lower portions more 
sandy than the interm'ediate part ; and here, also, the lower part 
is found, in most pits, colored by ferric oxide, making a red or 
mottled, or (as often styled) a spotted day, according as the clay is 
wholly or in part impregnated with this coloring oxide. *' Sul- 
phur balls," or round, ball-like aggregations of pyrite crystals, 
are found in many places in this bed. They occur irregularly 
in all parts of it — in the rich white and fine fire clays, just as 
in the inferior red clays. These are from one to four inches in 
diameter. Frequently the outer shell or periphery is completely 
changed to ferric oxide, while the interior is still unchanged sul- 
phide of iron. Pyrite in smaller lumps and fragmentary pieces 
is also quite common, and diffused throughout the clay of the 
whole bed as worked in some places. It appears more common 
in this than in the Woodbridge bed. Small pieces of lignite are 
also found here and there in it. A filmy coating of vivianite (phos- 
phate of iron) has also been seen in one locality. Amber is an- 
other foreign mineral, but of much more rare occurrence. The 
rich and purest clays of this bed do not differ essentially in 
chemical composition from those of the Woodbridge bed. For 
the comparison the following table of analysis is here given : 





1 


2 


3 


4 . 

1 


5 


Alumina 


37.49 
41.33 
12.66 
5.27 
1.21 
0.25 
0.22 
0.59 


39.93 

43.45 

13.42 

0.71 

0.41 


38.76 

43.36 

13.64 

1.51 

0.87 


1 

39.05 1 

41.51 

13.68' 

3.13 

0.75, 


38.81 


Silicic acid 


42.41 


Water 


13.35 


Onartz sand 


2.C5 


Keixic oxide 


0.81 


Magne<iia...T....,r... 


0.25 


Ijime .....T.r... 


••••••••• 

0.20 
0.47 
0.42 
1.63 




.••...... 1 


0.21 


Potash 

Soda.^ 


0.26 
0.18 
1.21 


0.28 
0.18 
1.21! 


0.40 
0.26 


Titanic acid^ 


(1) 


1.35 






Totals 


99.02 


100.64 


99.79 


99.79' 


100.50 



(1) Undetermined, weighed with alumina. 



1. E. F. Roberts' pits, Manning farm, northwest of Perth Am- 
boy. 



68 MIDDLESEX COUNTY CLAY DISTRICT. 

2. E. F. & J. M. Roberts' pits, Burt's creek. 

3. George Such's, (washed clay,) Burt's creek. 

4. Sayre & Fisher's fire clay, Sayreville. 

5. An average of analyses, 1 to 4, inclusive. 

There appears to be a slight difference in the density, tliose of 
the Woodbridge bed being more solid and their specitic giavity 
a little greater. This difference does not, however, exceed one- 
tenth (0.1), which is equivalent to 150 pounds, nearly, per cubic 
yard. These clays thus compared contain nearly the same 
amount of quartz sand. The more sandy specimens are more 
dense. 

The interval between the South Ambov fire elav bed and the 
stoneware clay bed is not so well known as the lower part of the 
clay formation. The thick beds of drift whicli make the sur- 
face of the slope skirting the clay banks along the Karitan river 
from South Amboy to the South river, have Ijindered, to some 
extent," exploration, and there are very few outcrops, or cuts, 
where these intermediate strata ai)pear. The sandy, dark-colnred 
clays of E. F. & J. M. Roberts' pits, near the South Amboy roa<J ; 
that over the fire clay in the old Kearney bank, and in the bank 
worked by the Messrs. Roberts in lSi')r)^ all on the Kearney 
tract; the black clay in George SuclTs l)ank, and the black sandy 
earth on the same clay bed in Brick's pits, constitute the loAverof 
these strata. In the last-mentioned locality leaf impressions and 
lignite occur. The sandy, dark-colored clay in \V. C. iV'rrine's 
pits, east of Roberts' pits, and near the old South Amboy and 
Burt's creek, road, from its elevation, is suppose*! to b(^ mar the 
top of this intermediate series, and not far below the ^('•ueware 
clay. The laminated, sandy clay <Uig in Mrs. dark'- p!i<. e»n the 
shore at South Amboy, and in which, also, leaf print- and li-nitx- 
are abundant, is another exposure of tlio-e layers, l);ii ii.>-e dow n 
to the fire clay bed, the latter cropping out a little Inwei" oiv tin. 
beach and seen at low water oidv. < )ne of tlie In-st lecaliiies \\>v 
seeing a part of these intervening ]>ed< i< in ilie «'nt <>!' t^.«: ( ani- 
den and Ambov railroad, west of S..ulli .\nii".\' and in-t noiili 
of and under the crossing of the A\'a-liin^t.)ii i(.ad. In ilii- eui 
there is a considerable thickncs< ol" iln dark-'"^-i ■<] n- i'la^k 
sandy clays, containing lignite and pyrin. ('n<]:i- tlir -(one- 
ware clay bed in the pits of E. \i. Ko-'- A' s.,ii. n< ar il ' ('aneh n 
and Amboy railroad, a dark-colored, ^an-l'. ..uii! i- Ibjnd ; in 
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Theodore Smith's pits, a laminated, sandy clay ; in the Morgan 
bank, on the shore of Raritan bay, sand ; in Otto Ernst*s clay 
mines, the bottom is sandy clay, with lignite in places in it ; in 
Noah Furman's mine, white sand. These several localities taken 
together show that between these beds the predominating mate- 
rial is a sandy clay of dark color, with alternating layers of 
quartz sand, and all containing some lignite and pyrite ; and 
near the top of the fire clay bed — that is, near the bottom of this 
series — there appears to be a layer characterized by the presence 
of leaf impressions, more plainly marked and better preserved 
specimens and of species difiFering from those found in the more 
sandy layer which lies immediately upon the Woodbridge fire 
clay bed. 

The thickness of these sandy clay and sand layers from the 
South Amboy bed up to the stoneware clay bed, as measured on 
the general section, assuming the dip of the former bed to be 
constant as it descends under the latter, is 50 feet. If the descent, 
or dip grows less, as is indicated by the height of the clay on 
the shore at South Amboy, this interval is scarcely 40 feet. The 
distance from the fire clay outcrop at South Amboy to Morgan's 
stoneware clay bank is one mile and in the direction of the dip. 
At these two points the two beds are at the same height respect- 
ively. According to this distance and at the dip as observed in 
the stoneware clay bed these clays are 30 feet apart measured 
vertically or at right angles to the planes of the beds. Again, 
the difference in the elevation of George Such's clay (bottom) 
and that of E. R. Rose's (bottom) is 45 feet and these are one 
mile apart on a northwest and southeast line. From these state- 
ments and examples it is evident that these layers do not exceed 
50 feet in aggregate thickness and more probably range between 
30 and 45 feet. On the columnar section and in the tabular 
statement of the members or sub-divisions of this formation a 
thickness of 50 feet, as a maximum^ has been assigned to them. 

STONEWARE CLAT BED. 

This designation is taken from the material of the bed, nearly 
all of which is particularly well adapted to the manufacture of 
stoneware. Its outcrops are seen southeast of the South Amboy 
fire clay bed and in Sayreville and Madison township. The 



70 MIDDLESEX COUNTY CLAY DISTRICT. 

thick beds of sand and gravel, forming the surface in all the 
higher ground south of the Washington and Soutli Amboy road 
and extending to the Raritan bay shore and the tide nuadow^ 
along the Chesquake creek, cover this clay so deeply that it has 
been opened at one point only on this higher level — or territory 
— all the other openings are on the steep slopes of this area. 
The most northerly pits are those of W. C. Perrine and E. R. 
Rose & Son, southwest of South Amboy and near the Cannhn 
and Amboy Railroad. The bed here is covered by drilt sand 
and gravel. In some of the pits of this locality the bid has 
been 15 feet thick. Along the bay shore the bed has been ex- 
tensively worked on the Clark property and on the Charles Mor- 
gan estate. Here it is covered by a laminated sand and sandy 
clay and it has a maximum thickness of 25 feet. In the deep 
and narrow valley of Crossway or Back creek the bed has been 
opened at three points on the southeast side of tiu- stieani- 
On the southern edge of the high upland where it desct iids to 
the Chesquake creek meadows this bed has been opened by X. 
Furman, Otto Ernst and on the Morgan estate. These o|>enini2;s 
are at the head of this creek and near Jacksonville. This 
high ground descends more gently towards the west and sontli- 
west and on this slope there is but one ojjening, viz., the piis i>t 
Theodore Smith. The clay of Charles Reynolds near Tennent's 
brook, west-southwest of Jacksonville, should probably be in- 
cluded in this list of localities, although it wants scjnit* of tli» 
characteristics belonging to the others. From this enumeration 
it will be at once remarked that this bed has not bct-n opinrd at 
as many points as either of the fire clay beds. Hun' nrc rouso- 
quently, fewer localities and sections for the examin.iiion of it.s 
geological relations and structure and these are not so w^ll nmkr- 
stood. 

The vertical extent, or thickness of this ]»ed varies rxctrdimrlv 
in these several banks where it is woikrd. At Keyriol.i^ [.its 
there is only 5 feet of clay; in Theodort' Smith's the IkmI is s 
feet thick; in Noah Furman's minis it is from 7 to I'J tVrt thick, 
including a sandy layer at the top: in I'jti-i's miiu-^ it :i[>[)rars 
to be somewhat thicker, being 1- !»•. i in oiir sbiift. !.'» W-vi in 
another, and in a third, the shaft and boi-jn-s ni\' r« ]>orrr(l l)y 
Mr. Ernst to show 31 feet of clav, i>a.--iiiL:' throuuli two distinct 
layers of good clay, separated by (> frrt ',^( >;in'ly anJ r< <1 ivj dark 
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colored clays. At the salt works dock the clay appeared in 
pockets, one of which was found to be 18 feet thick and 20 feet 
below tide level, while near this in the side hill the clay was got 
18 feet above that level and 6 to 7 feet thick. Morgan's bank on 
Raritan bay also shows much inequality and variation in the 
thickness of the workable clay. Measured from extreme top to 
bottom, at deepest, it here approximates to 30 feet in thickness. 
Some of these figures and the general section, appended to this 
report, indicate a mean thickness of 30 feet. Wherever it is 
found covered by the laminated sand bed which succeeds it in 
the geological order, it is generally found to be thicker. Else- 
where it seems to have been diminished in size by agencies ope- 
rating at the surface. The upper part of it has very probably, 
in these places, been carried away by floods of water or ice. 
More extensive working in it may yet show considerable irregu- 
larity and, possibly, that it is more of a series of pocket-like 
deposits than a regular, continuous bed, like the fire clays of 
Woodbridge and South Amboy. 

This bed rests upon a sandy stratum and, in turn, supports a 
laminated sand bed. Approaching these limits, towards the 
top and bottom, it grows sandy. And the top part, which is 
more sandy, is not generally recognized by clay miners as the 
stoneware clay, but is sold for inferior uses. In the vertical di- 
mensions, given above, this has been put in as a part of the bed, 
as there is, not generally any well marked plane of division 
between this and the stoneware clay, of the miner, which is be- 
neath it. In one of Ernst's shafts a dark colored clay comes in 
between them. The stoneware clay, proper, is a white to grey- 
ish white clay, marked by numerous small spots or specks of 
ferric oxide and hence, sometimes, termed " fly specked." It is 
quite dense, having a specific gravity of 1.97-2.15. It contains 
from one-third to one-half its weight of fine, white quartz sand. 
Its chemical composition appears in the following analyses of 
typical specimens : 
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1 ' *J I 3 



Alumina \ 21.07 i!0.4 » 2].'l<j 

Silicic acid (combined) 29.9:> 2«j.l4 iMU') 

Water (combined) 7.22 ", >; »; >;i 

Quartz sand 30.75 4nj;> 3s.ll 

Ferric oxide 1.47 1 4'> 1.71 

Magnesia 0.3o o.ol o.X) 

Lime 0.11 trad - 0.11 

Potash l.">t; l.»;i 1 >j 

Soda traces 0.4^ «M> 

Titanic acid 1.1."> o/.n i.ni 

Totals .' IHi.'iS Kki.sc, lu«(.,>3 

1. Stoneware clay from E. R. Rose & Son's pits. 

2. Stoneware clay from Otto Ernst's clay mines. 

3. Stoneware clay from N. Furman's clay mines. 

Foreign minerals are less common than in the fire clay beds. 
and no leaf impressions or other organic remains liavi ])vvn 
found in it. At Ernst's mines small pieces of amber have l)et n 
discovered, but they are comparatively rare. It ditlV'i< frum 
the fire clays in the large amount of sand and in the mueli 
larger percentage of potash. The latter eonstituent, eoupKd 
with the sand, makes it fusible and adapted to the makinij: 
of stoneware. At Morgan's bank the lower i»art of the bed i 
found very commonly stained red bv oxi<le of iron (ferri 
oxide), or sometimes spotted, red and white, and tlien, lo^-ally, 
termed, from its color, "peach blossom clay." Otlur -potted 
clay, from its use, is called "door knol> clay." In this plie- 
nomenon there is some corresj^ondence ])etw(M'n tlie-f several 
beds. Whatever may have been the causes whi^ h pi.^inced 
these like effects, they seem to liave acted unifoi-mly in ;ii]. etiii^ 
the lower rather than tlie u})per parts of these beds. 
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L.\MIXATED SAN'D ANI) <I.\V 



This sand and clay, succeeding tlie st"i:r\v;uH' day Im *•, eroj)-- 
out at several prints along the Ches<iuake ei-i-ik vail, y ai;.] in tlu- 
bluff along Raritan bay. The best Ideality loiMrin:: ii i- ..n the 
stoneware clay in Morgan's bank and en lie- <1ark j^dih i?v a«l- 
joining, and thence southward along Ue linr ut" iln' N-w Verk 
and Long Branch railroad to Morgan -taiiun. n^ar i!m moiuh 
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of Chesquake creek. At Morgan's bank it rises nearly to the top 
of the hill, and there attains a maximum thickness of 40 feet. 
From this point to the creek it appears in the side cut of the rail- 
road, above the track level, and downwards to the tide water 
line. Here it is covered by yellow sand and stratified gravels. 
At the salt works dock it lies on the stoneware bed. Near Mr. 
Ernst's mines it crops out in the hillside, and here it is quite full 
of pyrite and lignite, and is covered by yellow sand and gravel 
drift. Some of the sandy earth, or so-called " black stuff," was 
found in sinking the mine shafts at this place. This, together 
with the strata, seen in the neighboring ravine where the strata 
are well exposed by surface wash, makes a total thickness of 
about 40 feet. The proportion of white quartz sand seems here 
to be greater than it is at Morgan's bank. At N. Furman's old 
bank, south of Ernst's mines there is 10 to 15 feet of this black sand 
and clay. At the more recently worked mine of Furraan, near 
the head of Chesquake creek, there is 3 to 6 feet of this bed, and 
here as at Ernst's the section made up of this and the outcrop in 
the adjacent hillside, is somewhat longer. The Chesquake creek 
is approximately the southeastern limit of this laminated sand, 
as south of that, in the cuts on the New York and Long Branch 
railroad, and also along the Bay Shore there is more clay and 
less sand and very little of the laminated structure. It is 
estimated to be at least 40 feet thick. The very plainly marked 
lamination is a characteristic of this bed. It is made up of drab 
to black, sandy clay, generally in moderately thin layers, separated 
by much thinner layers, and in some instances by mere filmy 
partings of white sand. There is, however, some variation in the 
size of these layers. Lignite occurs in this* bed, but most com- 
monly in small pieces and fragmentary masses. 

CLAY AND LIGNITE. 

This is at the top of our columnar section, and extends up- 
wards to the greensand marl, or the clay marl bed, which is at 
the bottom of the greensand series. The line of division between 
this and the laminated clay and sand cannot be fixed accurately, 
but its top is clearly defined by the greensand, or glauconiUj 
which appears irregularly disseminated through the drab and 
dark-colored clay of the clay marl. Two good sections of this 
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lignite-bearing clay are seen, one along the Raritan bay ^hore, 
from Chesquake creek southeast to a point a little beyond tlie 
Monmouth county line; the other in the several cuts on tlie New 
York and Long Branch railroad, from the same stream to tlie 
Cliflfwood station, in Monmouth county. There is about 40 feet 
of this bluish-black clay in the bluff on the shore of tlie bay, 
east of the Travers house. Southeast of this, and near N. Fur- 
man's brickyard and Whale creek, the bluff is 40 feet high, and 
consists of a solid bluish-black clay, excepting gravelly earth a 
few feet thick at the top. Lignite, in the form of branclie- and 
even sections of large tree trunks, is abundant. On the railroad 
line, south of the Chesquake creek, there is a cut 43 tVit deej), 
and in this there is at least 30 feet of this clav, covered by a little 
sand and gravel at the top. The sandy and micaceous layers at 
the level of track, and seen at the north end of the cut in the 
upland bank, are supposed to belong to the laminated sand aii<l 
clay. A little above the track level there is a layer largely made 
up of lignite in small pieces and oilier carbonaceous materials. 
This is very black. It is the bottom of this clay, and is 'lo levt 
above tide level. It is about 15 feet tbick. Higher, and extend- 
ing to the gravel, the clay is of a lighter shade of color, and 
apparently faded. Lignite was discovered several years ago in 
this clay, east of the railroad line and north of Whale cre^*k, on 
the Hodge farm. A bed of it, 4 feet tbick, was struck :>r) feet 
from the surface and at about tide level. West of the railroad 
line, and on the south side of the Chesquake creek meadows, 
beds of it have been opened at several j^oints. On tlu^ farm of 
George C. Thomas a great deal of exploring and niining work 
was done. On the farm of the late Sberitf (lordon it was found 
20 feet above tide level. This lignite crumbles on rx{>osure (o 
the air and soon falls to pieces, and tlien looks like a lioaj) of 
very black clay. The clay and lignite is about .")n iVrt tliiek, 
judging from its outcrop, as measured from tbe norlliern border 
of the Chesquake tide meadows, wbere tbe stoneware ehiy l)ed is 
about at tide level, to the Cliffwood road erossinir. <>i' ( liilwood 
station on the New York and Long Bran el i railroad, a <listaneo 
of If miles, and assuming the dij) to be tbe same a< ibat of tbe 
stoneware clays and the green sand iuai'l<— about .')() feet per mile. 
On Enoch Hardy's farm, near Jaekj-onvillr, tliere i< above tbe 
lignite layers a yellowish white sand about Mo leet lliiek. Tbis is 
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not seen either on the shore of the bay or along the railroad line, 
although the cuts on the latter are hardly deep enough and so 
continuous as to exhibit anything, excepting a few feet of the top. 
If this sand be persistent it forms the upper layer of the plastic 
clay series and then the lignite-bearing clay is only 20 feet 
thick. This subdivision is as yet involved in somewhat of un- 
certainty. The materials of both of these subdivisions, if they be 
made, are quite largely used in the manufacture of common red 
brick in two or three yards on Raritan bay. The lignite is com- 
bustible, easily kindled and burns with a blaze like wood. It 
has been called brown coal, or simply coal, A good specimen of 
it analyzed some years ago in the laboratory of the Geological 
Survey, yielded of volatile matters, mostly combustible : 

Gases ; 50.2 

Coke 34.6 

Ash .• 15.2 

Total 100.0 

On account of the pyrite in it there is always a disagreeable 
odor in burning, and the sand and clay mixed with it make it 
difiScult to get in large and workable amount and sufficiently 
clean for an economical fuel. Several attempts have been made 
to mine it, but thus far without success or profit. 

This lignitic clay is considered to be the equivalent of that 
seen at Borden town and White Hill, on the Delaware river bank. 
At the latter place the laminated clay and sand, with the latter 
in excess, appears just under the clay marls, but the beds there 
are not so well defined nor so largely developed as on Raritan 
bay. 

The green sand of the clay marls seen in the marl pits of 
Enoch Hardy and on the Gordon farm (near the farm house), or 
the Conover farm near the head of Whale creek, and in the cuts 
ou the New York and Long Branch railroad, near the Cliffwood 
road and station, marks the southeastern limit and the top of this 
plastic clay series. 
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SECTION I. 
1. LOCAL DETAILS OF BEDS NORTH OF THE RARITAN RIVER. 

The description of the several outcrops and openings of thest' 
beds of clay, kaolin^ feldspar and sands, occurring in the clay dis- 
trict of Middlesex county embraces all the local and particular 
facts attaching to them with such references to the general geogra- 
phy and geological structure as are necessary to define more ])re- 
cisely their relations, and in turn illustrate the general statements 
of the preceding chapters. The arrangement of these local de- 
scriptions is geographical. Beginning at tlie northeast, near 
Woodbridge, proceeding thence south and southeast to Perth 
Amboy, and from that point westward, to the extreme western 
openings near Martin's dock, all the outcro])s and localities north 
of the Raritan river are grouped together in the first section of 
this chapter. Property lines mark the limits of these localities, 
with few exceptions, as, for example, where tlie openings on the 
same property are quite separate and show some marked dilUr- 
ences. Generally the individual oi)enings are described as hanh, 
in distinction from pits, which are restricted in their nieaninu ti> 
smaller excavations, such as may be made in a few days. Th*' 
piiSy as here understood, are, therefore, parts of hauh. 

In the arrangement of the matter, descrij^tiyc of any uiyon 
locality, an attempt has been made to put the fact^, as lu arly ;is 
possible in the following order: 

1. Geographical relations. 

2. Columnar section of the strata. 

3. Elevation above mean high tide level. 

4. Character of the materials, beginning at the Mii1acc,or with 
the top clay, Ac. ; with analyses. 

5. Historical notice of openings. 

6. Modes of working, handling an<l ti'aiis|>ni'iatioii, wiili uses 
and values of materials. 

Constant reference is made to the inap and iln- jK-companying 
general section. On the latter the Icciliii. s nrc numlKrcd. and 
by this means any given one can be ftnmd i< adily and cciiainly. 
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The numbers in the text correspond with those on the section. 
In this chapter nearly all the local designations for beds, clays, 
&c., are used, as properly belonging in a full account of the facts 
and peculiarities pertaining to the several localities. The fre- 
quent repetition of some of these has prevented explanation in 
each case. It is hoped that they will be understood from a com- 
parison of the facts presented, if not plain on first reading. 

The arrangement of the beds in their natural order is shown 
by numbers, and these tabular statements are intended, unless it 
is otherwise mentioned, to be representative of that locality or 
opening. 

• The analyses were generally of the best specimens of the kinds 
described. Exceptions are mentioned in place. These speci- 
mens were nearly all collected by the Geological Survey and 
with reference to their use as the basis for microscopical, chemical 
and physical examinations and tests and comparisons. These 
examinations have furnished many of the facts regarding their 
physical characters, and all of those relating to their chemical com- 
position, which are included in these detailed descriptions. The 
specimens analyzed were all well air-dried. The analyses give 
the composition of the clays, kaolins^ fddspara and sands as they 
dry in summer air. The specific gravity* of the specimens 
represents their weights as compared with the weights of equal 
volumes, or bulks of water. Many of the specimens were ex- 
amined under powers of 75 to 150 diameters of the compound 
microscope, and the descriptions often refer to such examina- 
tions. 

On account of the length of time during which this report has 
been in course of preparation, many localities have been visited 
several times, so that the notes of these examinations at inter- 
vals of one, two, and, in a very few cases, of three years, show 
difierences such as would be expected to appear in such a length 
of time in the steady working and further opening of localities. 
Wherever practicable, the descriptions have been brought up to 
date, but this could not be done in all cases, since in many of 
them little work and, in a few of them, nothing has been done 
since 1874. The very general working of all the banks and lo- 

* The method of getting these was as follows : A cube or other convenient fbrm was cut out of 
the solid mass. This was covered by a film of parafflne, and then weighed, first in air and then in 
water. By this method the opennr^s or porous condition was considered as affecting the density, 
wlUle by the common method this Is neglected, and the specific gravity is that of the clay, sand, <fcc, 
without rel^rence to the spaces or interstices between the particles of solid matter. 
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calities in that year made observations easy and very full, and 
these are incorporated in. the report as more applieablu than 
some of those of the succeeding years. 

Where not expressly stated, the facts regarding the strain, 
character of materials and other general geological observations, 
are from the field notes of personal examination or verification. 
The modes of working, expenses, uses, and other facts more 
related to the business of mining and using the materials, are in 
most cases the statements of proprietors, or other practical in( n 
acquainted with these facts. So far as possible these have been 
verified by corroborative testimony, and a general judgment 
obtained as authority for what is here given. Wliere this has 
not been obtained, the fact is credited to its author. 

DESCRIPTION OF CLAY BANKS IN GEOGRAPHICAL OKDKK. 

edoar's station clay. 

At this place some white and reddish-white, or mottled clay 
has been dug for making red brick, but the layer is quite thin 
and the clay not suited for such use. The red-shale drift, in- 
cluding large boulders, lies upon it. This is the niost norllierly 
clay outcrop in this district, and it is the most eastern locality of 
the Raritan bed, to which it is referred bv its elevation above 
high water level and by its evident nearness to the red-shale, the 
underlying rock. 

Nothing was learned of the refractory quality of this clay. Jt 
has not probably been tried, excepting for common l)rick. It is 
not now worked. 

wn^LiAM B. dixon's clay pits. 

These pits are about 30 rods north of Mr. Dixon's rosid.'iice. in 
the village of Woodbridge. The top dirt here is tVom .s to J '1 feet 
thick and largely of red shale earth. The hcd of clay varic-s 
somewhat in thickness, and its surface is (iuit<' inicvc]i. Tliis 
inequality corresponds with the vaiyinu anioimt of lop -Jiii. TIk^ 
top spit of the clay is yellowish. rn<l« r {\\\< ilici'' i- iho ]>( st 
clay of the bed, and from 3 to lo fc( t tlii<*k. TfW; i.]-i1m i. idoin 
it is more sandy. It is under]ai<l Ity -.iim]. Tin' tin. ivi^.'ss of 
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this sand, or the nature of the strata, deeper are not known. 
The clay is said to run deeper in the most southern part of the 
pits. The average elevation of the top of the clay bed is 31 feet. 
This clay belongs to the Raritan fire clay bed. It appears as 
number 27 on the general section. 

This clay is more sandy than the rich fire clays dug about 
Woodbridge. The selected or crucible clay is greyish white; 
some of it has a reddish or faint purplish tinge, and some is quite 
red in color. This latter is owing to oxide of iron in considera- 
ble quantity present in it. And this red clay is very irregularly 
distributed in the bed. Commonly it appears in pockets and 
layers over the best white clay. Some of the clay thrown out of 
these pits is covered by a greenish yellow efflorescence of sul- 
phate of iron, indicating the presence of this salt with sulphide 
of iron in parts of the bed. All of it is remarkable for its com- 
pactness and density. And its specific gravity is 1.994-2.047. 
An analysis of the best of it gives the following percentages : 

ANALYSIS. 

Alumina 26.95 

SQicicacid 31.12 

Water (combined) 9.63 



67.70 



Silicic acid (nand) 28.81 

Titanic acid 1.90 



30.71 



Potash traces 

Soda traces 

Lime 

Magnesia 0.07 

Sesqai-oxide of iron 1.24 

Water (moisture) 0.57 

1.88 

Total 100.29 

These figures exhibit a close correspondence in composition to 
that of the German clays, which are imported for making glass 
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house pots, and also with the best English crucible clays. Tliis 
clay is not quite so dense as they are. It has been tried in a few- 
glass houses for making pots, but the results have been ratlier 
experimental in character. It stands fire well, and burns with- 
out much shrinkage or checking, and the burned elay is dense 
and strong, properties which give it special valuo for niakiiig 
crucibles, glass pots and the more silicious fire brick. 

But few pits have been dug by Mr. Dixon, and the limited ex- 
tent which its uses have reached are hardly sufficient to establisli 
its character in the great industries where such a clay is needed. 
In view of the increasing demand in our country for such clays, 
nearly all of which are now imported at very high prices to the 
consumer, this promising clay deserves a careful and thorough 
trial. 

LEWIS potter's clay PITS. 

These pits are a few rods west of Dixon's and in tlie same l)ed 
of clay. The top dirt is said to be 4 to S feet thick, and tlie chiy 
bed 5 to 6 feet thick. The surface of the latter is not more than 
10 feet lower than that of Dixon's clay. Very little has been 
dug on this place. This opening is in the Raritan fire clay l)ed. 

GEORGE W. ruddy's PITS. 

These are near a small tributary of Ileards brook, a mik* 
north of Woodbridge, and about 200 yards west of the rnion- 
town road. The overlying beds are red shale drift and, at tl]e 
north end, a yellowish white Hre sand. This is (juiif oaisi^ 
grained and is mixed with a little white clay and stnakid xA- 
dish in places by oxide of iron. The clay is said to liavr liad a 
maximum thickness of 20 feet. White, greenish \\hii« and mot- 
tled clays were obtained. Red shale, in placc^ niid<'rlics tlie 
clay. From the large proportion of sliale found <»n th«' t(»]> of 
one of the heaps, this statement aj^pears alto.ux'UMT r».';is*>i]able. 
In the most southern pits the top of ih*.' elay is i*"* l\( i al-ovr liigli 
water level. Near the road, and' a trw rods iVom ilic liou^e of 
Mr. Ruddy, a pit w^as dug undor a iKarinu ol" I i« rt "f ivddisli 
earth and 4 feet of sand. This clav liad a -r» . ni-h tiiiiie. Car- 
bonates of copper occur in it. Hen* ilic rlny bid i- i* p'»rtr.] as 
12 feet thick. Of the character and vahi<- of ibi- .Imv of Kuddv's 
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pits, nothing definite is known, although several hundred tons 
are said to have been sold. While this pit is near the group of 
openings about Woodbridge it does not belong in the same bed, 
but to the lower Raritan potter's clay bed. Its position being 
near, if not altogether upon, the red shale and in contact with it, 
and its elevation somewhat lower than any of the clay worked 
about Woodbridge, refer it to this geological horizon. See the 
general section, No. 6. 

These pits have not been worked in several years, excepting 
for the sand. This is supposed to belong to the fire sand bed 
underlying the Woodbridge fire clay bed. But it may belong to 
the drift. Some of the sandy clay of the Raritan fire clay bed 
ought also to be found here, as this lies next under the fire sand 
bed. 

WILLIAM P. EDOAB'S CLAT BANK. 

This bank is the most northerly locality in the clay district 
where the Woodbridge fire clay bed is opened and worked. It is 
about a mile north of Woodbridge village and east of the Me- 
tuchen road. It furnishes the following section at the north- 
west, viz. : 

(1) Yellow Band and gravel 30 feet 

(2) Retort clay 4 feet 

(3) Sandy clay (for pipe) 5 feet 

(4) Fire clay, No. 1 2 ffeet 

(5) Black clay, No. 2 2 feet 

A black sandy clay, containing much lignite and pyrite, is at 
the bottom. The top of the clay in this bank, as measured at 
two points, is 83 and 89 feet high, respectively. 

At the east the clay bed is sandy at the top for 2 feet down- 
wards ; then there is 3 to 4 feet of red or spotted clay ; next, fire 
clay, 2 feet ; and, at the bottom, black, pipe clay, 2 feet — in all, a 
thickness of 10 feet. 

The sand at the top is very plainly stratified, and the gravel 
is generally in thin layers in it. The sand shows the compound 
ebb and flow structure. Towards the bottom of this drift cover- 
ing the gravelly layers are thicker than at the top, and there are 
a few stones, from three inches to a foot in diameter, in them. In 
6 
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places there is a very thin layer of red, shaly earth at the top oii 
this sand. 

The top layer of clay is very tough, and is sold for inakinu^ p:as 
retorts. The next layer (2) is more sandy and not so teiiariDus \un^ 
so dark-colored as (1). This is used in sewer and drain pi])e,a]i«l is 
known as "pipe clay." The best fire clay, or fine clay, is white, 
and nearly free from gritty matter. It is sold for fire brick, etc. 
The black clay at the bottom (5) is not so sandy as that at the 
top. It also is used for pipe. The sandy bed under thi?^ and at 
the bottom is quite full of lignite, and pieces five feet lonu are 
very common in it; but no leaf impressions have been i'uuwd in 
it, or in the overlying clays which are dug. Tliis clay l>aiik a])- 
pears as No. 7 on the general section. The clays are carted to 
docks on Woodbridge creek, where they are loaded on vesi^cls. 

WILLIAM H. BERUY's CLAY PITS. 

These are on the farm adjoining the Edgar place on the west, 
and near the Metuchen road. There are two setjarate openinus. 
That east of the house is but a few rods from Edgar's bank. In 
this the red-shale drift forms the surface, and is several feet 
thick. Under it there is the yellow sand and gravel, which is 
stratified and of varying thickness. The clay surface has ]ik'w 
an elevation of 73 feet above mean high water level, ami it i- 
said to be 15 feet thick. Some of it is bluish-black in color, and 
very tough and without any sand or gritty luatter, but it i< not 
so refractory as the best white fire clay. Jt burns white, and 
makes a very superior sewer pipe. Its composition is as lullows : 

Alumina J'Mi 

8ilicic acid and sand il>.;;> 

Water ■».'>'. 

Oxide of iron 1.71 

Magnesia u.7:-. 

Potash Jo 

Titanic acid l.cl 

Total ^.., I HI I. ('7 

The potash shows that it is not I'dVactMry as a ii-ii. Wvr clay. 
The alumina and water indicate marlv din-liall" <( it n. !a- < lav 
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proper and the rest sand. Quartzose sand is at the bottom in 
this bank. 

Northwest Pits. — Here the overlying beds vary greatly from 
point to point. Generally there is about 6 feet of red-shale drift. 
Under this the yellow sand and gravelly layers are of varying 
thickness, up to 25 feet in some places. This latter is not always 
continuous, and in some parts of the bank the red-shale drift 
reposes immediately upon the clay. This bank gives the follow- 
ing section, beginning with the surface of the clay bed, the 
elevation of which is 81 feet. 

(1) Saggar clay 1 foot 

(2) Bluish-bluck claj (for retorts) 5 feet 

(3) Slate-colorod clay (for pipe) 2 feet 

(4) Black clay 3 feet 

(5) Black clay, full of lignite 8 feet 

Yellow Band at the bottom. 

The surface of the clay is very uneven, hence the height is 
varying. The bottom is more regular. The best clay of the pits 
is (2) that used for retorts. It is remarkably tough. Its specific 
gravity is 1.743 — 1.789, and its composition as follows : 

ANALYSIS. 

Alumina 36.52 

Silicic acid 41.18 

Water (combined) 11.30 

89.00 

Silicic acid (sand) 6.51 

Titanic acid 1.32 

7.83 

Potash 0.28 

Soda 0.16 

lime 

Magnesia 

Sesqui-oxide of iron 1.11 

Water (moisture) 1.50 

3.05 

Total 99.88 
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This clay burns white and is very refractory. 

These banks, together with that of Edgar's adjoining, show 
finely the varying character and thickness of the top dirt, con- 
sisting of the two well marked drift beds. These banks appear 
at number 8 on the general section. 

FIRE SAND PIT OP THE SALAMANDER WORKS. 

This sand pit is a few rods south of the Woodbridgc and 
Metuchen road and south of the clay pits described above. The 
bearing, or top dirt on the sand is red-shale drift, and is 5 to 10 
feet thick. In it there are some large boulders of gneiss, traj)- 
rock, indurated shale, &c., &c. The top of the sand is 60 to 01 
feet above high water level, and it is said to be S feet thick. 
This elevation agrees with the horizon of the fire sand bed, and its 
place on the general section is at number 12. Tlie sand of tlii:^ 
locality is white and almost exclusively of quartz. 

The pit is worked for the supply of the Salamander Works in 
Woodbridge, where it is used in fire bricks. 

DAVID flood's clay PITS. 



1C«; 



1 



These pits open the Woodbridge fire clay bed, a short distai 
west of the Uniontown or Metuchen road, and west of Mr. FloodV 
residence. They are the most easterly of a grou]) of pits or con- 
tinuous openings belonging to several landownei's, whose propcit y 
lines take in the little valley wljicli is a tributary of Ilrard*:^ 
brook, and which heads about one mile west of Woodbridur, 
near the residence of Ed. Thompson. Flood's jnts have Iuhi 
worked profitably for many years, and have yielded a lai 
amount of valuable clay. The top of tlie fire clay at the north- 
east is 76 feet above mean hioli water level. About 100 vai-d- 
west of that the elevation of the clav isandv) bed is 8^J iVct. Ac- 
cording to Mr. Flood's statements tlio lV)ll<)win<;' seciiun may be 
taken as an average of the pits. It has tlic Ibllowin^i;- subdivi- 
sions and thickness, beginning with Uir surfaee <>f the ground : 

(1) Red-shale drift ) .,- . , 

(2) Yellow sand and gravel * 

(3) White, sandy clay (for pipe) 2 i.m : 

(4) Blue fire clay '2 Ui-\ 
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(5) Mottled or spotted clay 8 feet 

(6) Bottom sandj clay 2 feet 

Sand at bottom of pits under the clay. 

No. 3, the top clay, which is quite sandy is sold for making 
drain pipe and tile. 

The blue fire clay, or, as it is here designated, fine day, is the 
best of the bank, and commands the highest price for manufac- 
ture into white ware. It is bluish white, and contains scarcely 
any sand or other foreign matter. The mottled or spotted clay 
derives its name from the irregularly mixed red and white 
masses, the red color being due to a comparatively large percent- 
age of sesqui-oxide of iron. This is not an essential constituent 
of the clay, but is to be considered as a foreign or accidental 
constituent, which enters irregularly into its composition, 
amounting sometimes, in the deeper red portions, to seven per 
cent, of the mass. Slight digestion in dilute hydrochloric acid 
removes it, leaving a white or blue fire clay, somewhat more 
valuable than the original mottled or spotted clay. This method 
of treating such clays, in practice, will be extensively carried on 
whenever the prices of pure clay shall make it profitable to do 
80. These iron stained masses in this clay are not in any way 
separate from the remaining portion,'nor are they in any orderly 
arrangement. This mottled clay is at present used in making a 
No. 2 fire brick, and is also adapted to mixtures for pipe or tile. 
The bottom, sandy clay. No. 6, is a bluish white clay, becoming 
dirty yellow in the heaps. It also is used in mixtures for fire 
brick. Mr. Flood says that in borings southwest of his bank he 
did not find any good white clay. It is possible that these ex- 
plorations have been at points where the fire clay bed has been 
entirely removed by erosion, and its place filled subsequently by 
beds of drift, or, as elsewhere in this clay district, replaced by 
other members of the plastic clay formation. The fire clay bed 
appears, in the workings, to thin out, going west and northwest. 
Some of the borings seem to show an increased thickness of black 
clay towards the west. Fpr the position of this clay bank on the 
general section see No. 9. 

WILLIAM H. berry's CLAT BANK. 

Adjoining Flood's bank on the west is that of William H. Berry, 
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but it has not been worked in six or seven years. Mr. Berry sa 
that he got a considerable proportion of alum clay, pipe el 
and some fire clay. And in the first pits that were dug tin 
some paper clay was obtained. 

J. H. CAMPBELL ESTATE. 

This property adjoins Berry's on the west. The bank, as work 
three years ago, showed the following beds in a descending ord( 
viz : 

(J) Red-shale drift 

(2) Dark blue, sandy clay 3 i 

(3) Sand ^ •^ f 

(4) Fireclay s-l»; t 

In places a part of the latter was mottled, or si)otte(l, iv<l ai 
white. The sand layer (No. 3) is wanting in some of tlu' pi 
and the fire clay is in one continuous mass or bed. The t(>[^ 
the clay in this bank is 78 feet high. This bank has not l)e' 
worked steadily, having until very recently been idle tbr abc 
three years. Work in it has been resumed by Mr. Louglirid 
The three banks of Messrs. Flood and Berry and tlie Campl 
estate are all on the north side of the vallev of the little stre; 
As they are all within a radius of a quarter of a mile, the g< 
ral features of both the surface and the underlying buds are nj 
the same in all. 



DAVID AYKRS' CLAY BANK. 



This bank is near the head of the valley, or rftn, and a 
that of Ed. Thompson on the west, and V>. KreisrlD r' 
east. The top of the clay has an elevation o{ Si) iVct, a 
the general section, No. 10. The section n[' this bank, a 
worked in 1875, includes the following ijeds." 



S i 



V S( 



^ 



(1) Red-shale drift 1< 

(2) Black clay, with layers of 8an<I, aiwl foiUMlniiii: Ii_;iiih mxi p. rl; .... 

(3) Top Bandy clay 

(4) White quartz sand 

(5) Alum clay 

•The figures are by Mr. Ay era. 
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(6) Fire clay 7 feet 

(7) Reel clay 6 feet 

(8) Extra-sandy clay 5 feet 

Yellow, shaly earth, containing lignite, at the boUom. 

The black clay and sand at the top (No. 2) is made up of ir- 
regularly alternating layers of dark-colored, sandy clay and 
white, quartzose sand, varying greatly in thickness, and horizon- 
tally stratified. In it there is much silver mica, lignite and 
pyrite, and some leaf impressions have been found, but these 
latter are of rare occurrence. Fish bones are also reported, but 
nothing is known of them. Below this, the Nos. 3 to 8, inclu- 
sive, are geologically parts of the Woodbridge bed, although not 
all fire clays. 

The top-sandy clay is of uneven grain, and quite full of little 
particles of red oxide of iron. It is used in pipe. The fire clay 
(No. 6) is very white, and does not fade on exposure. There is 
scarcely any gritty matter in it. It is used in fire brick. Se- 
lected lots of it are sold for white ware ; and its reputation is 
among the best of any of the Woodbridge clays used for this 
purpose. 

The red clay is a little sandy, but the sand in it is fine grained. 
It contains a little pyrite and a very few scales of white mica. 
On account of the iron oxide it is unfit for No. 1 fire brick. It 
is used in No. 2 brick, in stove linings and in drain and sewer 
pipe. 

The extra sandy clay is more than half fine and white quartz 
sand. It is a good refractory material, and, as such, is used in fire 
brick mixed with richer clays, for the purpose of tempering them. 

This bank has been worked steadily, and a large prof>ortion of 
its products have been high priced fire brick and ware clays, 
obtained at a moderate cost for the labor spent in extraction. 

ED. Thompson's bank. 

This bank is next west of that of David Ayers, and is the 
furthest opening in that direction in this little, subordinate val- 
ley. It was not worked when visited. As it is really nothing 
more than an extension of Ayers* bank, any details would be 
little more than a repetition of the description which has been 
given above of this latter. 
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CHARLES M. DALLT'S BANK. 

This adjoins CampbelPs bank, on the south, and is on the 
south side of the stream. No work has been done here recontlv, 
so that the details of the place are scanty. The red-shale drift, 
as seen in the bank, varies up to 10 ifeet in tliickness, and lies on 
a thick bed of black clay. The upper part of the fire clay bed is 
sandy. The maximum thickness of the clay in this bank is 20 
feet, of which that suitable for fire brick manufacture is said to 
range from 4 to 8 feet. At the bottom there is a yellowish sand. 

CLAY BANK OP THE SALAMANDER WORKS. 

This property is west of the village of Woodbridge, and on 
the north side of tHe New Brunswick road. The woik of exca- 
vation goes westward and northward into the hill, wliieh is liere 
100 feet above mean high tide level. The elevation of the work- 
able clay bed (top) is about 80 feet. See general section, No. 17. 
This bank has a long working face, and consequently exhibits 
considerable variation in the vertical sections taken at diil'erent 
points. One observed in the summer of 1874 show*ed the follow- 
ing strata : 

(1) Red-shale drift S-ln i\xt 

(2) Yellow sand and gravel 11 tWt 

(3) Black, sandy clay o «• iVct 

(4) Black clay (for pipe) 1' Ail 

(5) Very sandy clay "> t\«i 

(6) Sandy clay "> iVct 

(7) Fire clay 7 !<•* t 

(8) Spotted clay 'i \Wi 

Another section, seen in 1875, and further towards the north- 
east end of the bank, showed — 



(1 

(2 
(3 

(4 

(•5 

(G 

(7 

(8 

(9 

(10 



Red-shale drift ^ Krt 

Yellow sand and gravel «• f.> t 

Clay and sand *'. Uvi 

Black pipe clay - Wci 

Sandy clay •'» ('< it 

Light blue and red clayn 'i i* « t 

Alum clay } iixlu s 

Fire clay, No. 1 "• ini 

Fire clay, No. 2 '2 \\v\ 

Red or spotted clay '-> feo 

Red, sandy clay at the bottom. 
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The red-shale drift, as here shown in the cut face of the bank, 
contains many large boulders of indurated shale and trap rock. 
Some thin layers of very sandy white clay are seen in it. These 
are short and unconnected. No other evidences of stratification 
are to be seen in it. The bed of sand and gravel under it is very 
irregular, sometimes thinning out entirely and leaving nothing 
between the dark-colored clay and the red-shale drift. Generally 
this sand is very beautifully laminated, the thin pebbly sheets 
separating the thicker sand layers. . Some of this sand is uni- 
form in grain and has enough loam with it to be used in mould- 
ing. Towards the bottom there is more gravel, and the pebbles 
are larger. The clay and sand (No. 3) also shows stratification 
in irregular, alternate layers, or laminte. Scattered throughout 
this bed there is much lignite and some pyrite. The lignite 
occurs very generally in certain horizons, or layers, and in some 
of these it makes up the bulk of the, mass. No leaf impressions 
have been found at this bank. The pyrite and lignite and the 
excess of sand in this layer make it practically worthless. The 
black clay (No. 4) is slightly gritty, but very tough. It is used 
in the mixture for drain and sewer pipe. An analysis of a speci- 
men of this gave the following results : 

Alumina *22.20 

Silicic acid and sand 61.25 

Water (combined and moisture) 8.00 

Potash 2.44 

Soda. 

Lime 

Magnesia 0.94 

Sesqui-oxide of iron 5.30 

Lignite 0.30 

Total .^...100.43 

From the percentage of alumina and water here given, it fol- 
lows that there is comparatively a large percentage of quartz 
sand. The amounts of potash and iron also are large, and indi- 
cate a clay of low degree of refractoriness. 

No. 5 of the section above is too sandy to be of use. 

No. 6 is also quite sandy. In places it is stained reddish by 
sesqui-oxide of iron. It is used in making sewer pipe. The 

* Includes titanic acid. 
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alum clay contains some coarse grained sand in small aggregates, 
also pyrite in little nodules. On exposure to the weather it 
fades to a yellow-buff color. It has a decidedly astringent taste. 
The fire clay is of two grades — one, the upper part of the bed 
which is used in No. 1 fire brick, and is from this fact known as 
No. 1 clay ; the oiher being slightly inferior in refractory prop- 
erties is considered a No. 2 clay, and is made into Xo. 2 brick. 
The No. 1 fire clay has a little very fine sand, a few small ilakes 
of silver mica, and on weathering shows a cream colored surface. 
The spotted or mottled clay, resembles in general that described 
above, found in David Flood's bank. This also is of inferior grade 
and is used for pipe, or for No. 2 fire brick. In the [)its this 
layer grows sandy towards the bottom, and at last ceases to be 
suflBciently clayey to be worth extraction, and at this depth the 
digging is stopped. A boring made several years ago, in the 
bottom of a pit, is reported to have gone 27 feet below this clay, 
all in quartz sand. Nearly the whole j)roduct of tiiis bank is 
worked up into drain and sewer pipe and fire brick, at the Sala- 
mander Works in the village, one mile from the bank. A little 
of the inferior sort has been stocked in heaps at the bank await- 
ing future demands. 



LOUOHRIDGE & POWKRS' RANK. 



This bank adjoins that of the Salamander Works on tlie soutli 
and runs to the New Brunswick road. The locality lias been 
sometimes called ** China Hill." The section made up innw oIj- 
servations at this locality in 1874 and 1875, includes thr follow- 
ing subdivisions, viz : 

(1) Red-shale drift 

(2) Yellow sand and gravel 

(3) Black clay, containing lignite and pvrite '2i)-:\n iVot 

(4) Top, sandy clay ()-lO hxi. avtr;i.:\- 4 u vi 

(5) Alum clay J -(i iVrt 

(6) Fire clay, including ware clay «; iVti 

(7) No. 2 fire clay, Pometimes mottled or r*(l 4 fut 

(8) Fire clay (lead colored) 

(9) Mottled or spotted clay 

(10) Extra sandy clay 4 tVit 

(11) Yellow sandy clay 
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These figures except in Nos. 3-5 inclusive, are average thick- 
nesses. In some pits Nos. 8 and 9 were wanting. 

A boring 21 feet below the bottom of the pits passed through 
13 feet of the yellow sandy clay and earth, and then into a sandy 
clay — 8 feet. Under this a fine grained feldspar-like substance 
was reported as the material at the lowest point ever reached at 
this locality. This sandy clay must have been the Raritan fire 
clay bed. See number 24 of the general section. 

The top of the white clay here (No. 4) is 73 feet, but this eleva- 
tion varies greatly on account of its remarkably uneven surface, 
and a diflference of 17 feet of level has been observed in a hori- 
zontal distance of as many yards. There appear to be bunches, 
or bunks, as here termed, of clay with intervening hollows or 
sinks in its surface, caused either by very irregular deposition, 
or by subsequent erosion. As the bed is about 20 feet thick, the 
bottom has a mean elevation of 53 feet. But these inequalities 
of fhe surface do not correspond with those at the bottom, and 
sometimes the clay goes deeper in one of these so-called bunks. 
And in one of them which rose up 12 feet above the surround- 
ing clay surface, there was said to be a thickness of 40 feet of 
marketable clav. 

The great thickness of the top black clay here, and in the ad- 
joining pits of William H. Berry and David Ayers, is exceptional. 
There is more or lesspyrite disseminated irregularly through it, 
and some mica in very small white scales, but much of it is 
tolerably free from the former constituent. It is very dense and 
tough, and slate colored, drying quite white on weathered surfaces. 
The best of it will do for pipe making, but it is at present all 
thrown back into the pits, where it gets mixed with the earth 
from the surface, and is thus spoiled for all future uses. In this 
manner thousands of tons of this clay are annually wasted. It 
could be used for common red brick, if for nothing of more 
value. As it is improved by weathering, thereby gradually losing 
its sulphur through the decomposition of its pyrite, it might be 
well to stock it by itself in heaps on the dump or waste, and 
there let it undergo the amelioration of nature, or await, possibly, 
the coming practicable methods of treating such clays so as to 
render them fit for more valuable uses than those known at 
present. When it is considered that the valuable clay beds of 
this district are being gradually worked back, under thicker beds 
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of drift and worthless clays and sands, it will be evident that the 
demand for better qualities must stimulate the invention of 
methods whereby these top clays, now wasted, can be made 
available. The existing practice forever puts them beyond tlie 
reach of improvement. It is a matter deserving the attention of 
all prudent clay proprietors and miners. 

The top sandy clay is light colored and contains much rather 
coarse-grained quartz sand. It is used in pipe. The aliuu chiy 
is nearly always found just over the fire clay. It is geiRrally 
somewhat streaked with darker shades and contains pyiite in 
small crystalline aggregates and nodules, which show phiinly in 
specimens freshly dug. This clay after short exposure to the air 
turns greenish yellow. 

The ware clay is really a part of the fire clay, wluch, in ap- 
pearance, diflfers from it, in being more brittle and friable, break- 
ing with conchoidal fracture and crumbling quickly and readily 
to a soft, pulverulent mass. The fire clay is harder and more 
solid, and show an irregular fracture. It does not fall to pieces 
so readily as the ware clay. Both are very hue, and scarcely any 
gritty matter can be detected in them. The following analysi 
of the ware clay of these pits may be taken as representing the 
composition of the best of the fire clav layer : 

Alumina .•. 'MX'^li 



^ 



S 



) •>'• 



"> 



Silicic acid 42.2 

Water 13.V.) 

0^.::o 

Silica (quartz sand).... <».'"> 

Titanic acid l.lo 

Potash o.jl 

Soda (•<•>; 

Lime nlo 

Sesqui-oxide of iron ('.")') 

Hygroscopic water l.-'l 

2.;;o 



!':'.0o 



The specific gravity of this fire clay variv'.> from l.T-M to 
1.809. 
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Underlying the best fire clay there is an inferior grade, or No. 
2 fire clay, which is sometimes white and at others appears mot- 
tled, red and white. This, with the clays found under it, in- 
cluding Nos. 8 to 10, as given above, are sold for No. 2 fire brick. 
No. 9 is used in stove linings, saggars and drain pipe. The lead- 
colored clay apparently diSers little from the white fire clay, ex- 
cept in color. The extra sandy clay, the lowest clay dug here, is 
of uneven texture, being quite coarse-grained in some portions. 
No mica fiakes are perceptible in it. It is more than half quartz 
sand, as appears in the following analysis : 

Alumina (1) '. 18.92 

SiHcicacid 20.00 

Water 6.70 

45.62 

SUica (sand) 51.80 

51.80 

Potash 0.48 

Seequi-oxide of iron ^ 0.88 

Hygroscopic water 0.50 

1.86 



99.28 



This clay answers well in tempering rich or "fat" clays. 

The bank has been worked steadily until within a year. Al- 
though the thickness of top dirt to be removed has been great, 
the amount of good cla}^ which has commanded high prices, has 
more than paid for the heavy expense of uncovering. 

East of Loughridge & Powers' pits, the old site of the New 
Brunswick road has been dug up by David Ayers and William 
H. Berry. South of this road, in the bank of the latter, there is 
nearly 50 feet of covering on the fire clay bed, of which about 
30 feet is a dark-colored clay, with some interstratified layers of 
sand. At another point the yellow sand and gravel drift above 
the clay is very distinctly stratified, the thin layers of white and 
yellow quartz pebbles alternating with rather coarse yellow sand. 
These pebbly layers are thicker and the pebbles are larger 
towards the bottom of the bed. In the overlying red-shale drift 

(1) IncludeB titanic acid, which was not determined. 8p. gr. 1.818—1.807. 
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a thin and very uneven layer of white sandy clay appears, but 
of limited extent. The fire clay bed of these pits being only a 
few rods from that of Loughridge & Powers, whicli has l>een 
described above, does not differ materially from that, and tlio 
descriptions of the latter apply in general to the former. 

SAMUEL D ally's BANK. 

South of the New Brunswick road and south of William 11. 
Berry's line, Samuel Dally owns the next bank. It is properly 
the continuation of the same general arrangement of strata as 
already described, varying, as everywhere in this district, in the 
details, so that the vertical sections of openings, but a few rods 
apart, do not exhibit complete parallelism in all their subdivi- 
sions. As this property has not been worked within the time of 
our survey of the district, no full description can be given of it. 

PITS OF FLOOD BROTHER?. 

This property joins Daily's on the south, and is on the north- 
west side of the Mutton Hollow brook and between the roads. 
When visited two years ago, the digging passed through black 
sandy clay and white quartz sand at the top, then a dark colored 
sandy bed, in which there was much lignite and one thin seam 
of sandy white clay ; next a greyish pipe clay resting upon a 
sandy earth where the pits stopped. No fire clay was then irot 
here. The black clay and sand bed found here near the surface 
must be the laminated clay and sand bed, and the pipe clay 
layer the equivalent of the ioi^ whiie day, so well marked in tlic 
banks along the Raritan river. If this be so, the lire clay w<iuld 
be found about 6 feet below it. This i>roperty has been worked 
during the past year, but with what results is not known. 

CLAY BANK OF A. HALT. A .s<.N. 

This bank is at the head of Mutton JIollow, and tlie mo^t 
westerly opening for clay in it. Tlu' N( w liiun-^wick r^ad at 
present runs along side of it on tlie imrtli ; tli<' (iri-inal iiue of 
the road being directly across the pn'^inl diu-inu-. Tl^' ><. <(inii 
which this bank gives shows consideruMe vai-iati^n in ihc^everal 



DESCRIPTION OF CLAY BANKS. 95 

layers from the surface to the bottom of the pits. The following 
one represented the bank as exposed in 1875. The working 
since does not show any important changes : 

(1) Red-shale drift, varying up to 20 feet 

(2) Yellow Band and gravel not continuous over the whole working area... 

(3) Black clay and sand, varying up to 15 feet 

(4) Blue and buff colored clays 3-8 feet 

(5) Black, sandy earth containing lignite and pyrite 1-2 feet 

(6) Fire cUy 8-20 feet 

(7) Sandy clay (bottom sandy) 3-6 feet 

(8) White quartz sand (boring) 14 feet 

In some of the pits at the bottom there is a gravelly earth with 
some shaly materials mixed with it. 

The red-shale drift here includes many boulders of trap rocks, 
indurated shales, quartzites, <fec., some of which exceed G feet in 
diameter. Wherever the yellow sand and gravel is wanting this 
lies immediately upon the black clay and sand. The two drift 
beds are well exposed in this bank for the study of their relation 
to each other and their structure. 

No. 3 (of the section) is characterized by the abundance of 
lignite and some pyrite found in it. It contains some mica in 
fine scales or plates. It is thrown back into the pits as fiUiiig, or 
carted out on the dump as waste material. 

The top clay — blue and buff colored clays — is a little sandy, 
the grains of sand being rather coarse and unevenly mixed 
through the mass. Some pyrite, in small lenticular nodules, 
occurs in it. It is considered good enough for mixture in No. 1 fire 
brick. The next layer is worthless, and is thrown aside as waste. 

The fire clay bed presents the usual inequalities in its surface, 
and its elevation of 67 feet above mean high water level is the 
average of several measurements. These inequalities make 
the thickness also to vary from point to point. A maximum 
thickness of 28 feet of fire clay has been seen at this bank. The 
top spit is of a greenish yellow color and contains some pyrite, and 
is sold to chemical works for alum making. The pyrite appears 
in it in small nests or aggregations of crystalline masses. This 
clay weathers yellowish, on long exposure to atmospheric agen- 
cies. Sometimes a large part of the bed is sold as alum clay. 
The top clay is very solid, and is said to burn tight or close. The 
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best of the fire clay is very fine, having a conchoidal fracture, 
and containing but little fine quartz sand. Its composition as 
shown by the analysis of a good specimen, is as follows : 

Alumina 3o.83 

Silicic acid 42.05 

Water (combined) 12.20 

oo.os 

Silica (quartz sand) 5.70 

Titanic acid „ 1.10 

o.so 

Potash 0.44 

Soda 

Lime 

Magnesia , 0.11 

Sesqui-oxide of iron 0.77 

Water (moisture) 1.50 

2.82 

Total 99.70 

The soda and lime were not determined. They cannot amount 
to much, judging by the analyses of the fire clays from other 
localities in this district, and also by the diiference between tliis 
total and 100. 

The sandy clay at the bottom, or as it is sometimes called 
extra sandyy contains some quite coarse grained quartz sand in 
irregularly shaped aggregates in the sandy clay mass. No mica 
was perceptible in it. For mixture wuth/a/clays it is liked, and 
is considered to be a good refractory material. This is proi'irly 
a part of the fire clay bed. Below this layer comes the white 
sand, into which the superintendent of the work says he has 
bored 14 feet. The shaly earth seen at the bottom in some of tlic 
pits may indicate the red-shale in place a little deeper — althuuuh 
this is not so likely to be found as the sand — and then thr lower 
beds of this plastic clay formation. The m iK-ral section, number 
23, shows the relative position of these elay pits and this lioriiig. 

Most of the fire clay got out of this hank is used in the wv>rks 
of the proprietors at Perth Amboy and at lUiilalo, X. Y. A enn- 
siderable amount is sold to other tiru Iniik faetories, ohemieal 
W'orks, &c., particularly to some in the mTihrrn ]>art of Ohio and 
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western New York. Tlie product has iii some years amounted to 
12,000 tons. 

JOHN R. Watson's bank. 

Watson's bank is south of the Mutton Hollow brook and east 
of Hairs. The bearhig, comprising the red-shale drift, the yel- 
low sand and gravel and the black, laminated clay and sand, 
varies greatly in different parts of this bank. On the east, next 
to William H. Berry's line, it is between 5 and 20 feet thick ; 
while on the west and southwest, the working has penetrated the 
upland or hill, until it has become 40 feet. On the east, near 
the property line, the successive strata, beginning at the surface, 
are: 

(1) Red-fihale drift ! 4 feet 

(2) Sand and jellow clay (varying greatly) 

(3) Dark colored, pipeclay 8 feet 

(4) Sandy clay (used in stoneware) 4 feet 

(5) Fire clay (No. 1) 6 feet 

(6) 8andy fire clay (No. 2) 3-5 feet 

(7) Extra-sandy clay at bottom 

The elevation of the clay at this bank is 59 feet. That is the 
top of No. 4. Towards the southwest this bank shows quite a 
thickness of sand and gravel, under the true boulder drift. Here, 
at the east, the sand is associated with a yellowish clay, or clayey 
earth, and little gravel. 

The black clay under the* sand is not used, except as waste, for 
filling the pits. The best* of it, if sorted, could be used in mak- 
ing pipe. The sandy clay (No. 4) is a mixture of fine quartz 
sand and clay in about equal proportions, and resembles the top 
sandy clays of other banks. Some of it is sold to potteries for 
stoneware mixture, and hence its local name of stoneware clay. 
That which is dug in the more southerly pits and under the 
thicker bearing is not so sandy as tha* of the east pits where the 
superficial beds are not so thick. A part of this clay is used by 
Mr. Watson in his fire brick. Geologically it is a part of the fire clay 
bfd, and cannot be considered a well defined layer or persistent 
member of the clay formation. The same is true of the sandy and 
extra sandy clays under the No. 1 fire clay of this bank. (See gen- 
eral section, No. 34.) In some of the pits an alum clay, one to 
7 
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three spits thick, is dug on the top of the fire clay. All of tht <e are 
parts of the Woodbridge bed. They are modified somewhat hy 
the existence of more or less sand and pyrite, although relniiiing 
somewhat of their refractory nature. The fine or No. 1 tire clav 
dug at this bank is white to bluish white, fading a littU' on 
weathering; has very little grit in it; breaks with a conchoidal 
fracture; and belongs in the class of fine clays dug in Mutton 
Hollow. Towards the bottom it is of inferior quality and is con- 
sidered as a No. 2 clay. Borings at this bank, which go down 40 
feet from the top of the clay, passing through the whole of the 
fire clay bed, show 20 feet of sand under it, and do not strike 
the Raritan bed. 

Most of the clays dug here are carted to the Watson Fire Brick 
Works, at Perth Amboy, and made into fire brick. 

This bank was one of the first opened in the vicinity of Wood- 
bridge, and has been worked, with some interruptions, since 
1820. 

WILLIAM H. BEHRY's BAXK. 

This bank, east of Watson's, has not been worked latt-ly. As 
it lies between Watson's and Meeker's, something may be leanu •! 
of it from the descriptions of tliose on either side of it. l "la} - 
for sewer pipe, stoneware, and retorts were got here. 



s. A. Meeker's bank. 



This opening occupies the soutlieast angle of the Muttoii Hol- 
low group of clay pits; and, being fartliest to the soutlK^nst, it 
opens this fire clay bed at a less elevation tlian that of tlj»' oilier 
banks, which are north and nortliwest of it. Its liei^lit \< '»«> 
feet. This dip and the position of tliis bank is represented o\\ 
the general section as No. 39. 

The vertical section representini^- tlie bank, as made fvinn ob- 
servations on the ground and the tlL;ur('s of Mr. Meeker, iucluvUs 
the following layers, viz. : 

(1) Red-shale drift '. S uvi 

(2) Yellow sand and gravel n e, iVt t 

(3) Black, laminated sandy clay ^7 iVtt 

(4) White, Fandy clay (for stoneware) 1 kct 
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(5) Drab-colored, pipeclay 3 feet 

(6) Retort clay 1-4 feet 

(7) Fire clay 6-8 feet 

(8) Sandy fire clay 4 feet 

(9) Coarse yellow sand at the bottom 

Of this section, the layers 6, 7 and 8 may be considered as 
making the Woodbridge fire clay bed. The bearing, which con- 
sists of the layers above the stoneware (No. 4), varies somewhat, 
according as the pits are nearer the bottom of the valley or fur- 
ther in the bank. It is 20 feet thick in the southwestern pits. 
The sand and gravel drift is very beautifully laminated. On the 
west side the bearing consists of the dirt of an old dump, then the 
black clay and sand. Under this there is a clay dug for stone- 
ware, 3 feet thick ; pipe clay, 1 J feet ; retort clay, 2 feet : then a 
black sandy earth. 

The so-called stoneware clay of this bank is white and sandy, 
the sand in it being fine-grained, and it contains some white 
mica in small flakes. Its composition is as follows, viz. : 

Alumina (1) 21.83 

Silicic acid 19.44 

Water (combined) 6.90 

46.17 

Silica (quartx nand) 48.40 

48.40 

Potasb 2.24 

Soda.. 

Lime 0.28 

Magnesia 0.24 

Seflqiii-oxide of iron 1.57 

Water (moisture) 0.80 

5.18 

Total 99.70 

Its specific gravity is 2.047 — 2.077. 

From this it will be seen that the amount of quartz is large^ 
and also that the potash is sufiicient to make it vitrify the mass, 
and hence its use in the manufacture of pottery. It corresponds 
to the analysis of the top white clay found in the banks of the 

(1) Including tltanlo add. 
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Grossman Clay and Manufacturing Company, and it appear^; to 
belong to that layer of the clay series. The lower part of tliis 
layer is more sandy, and is of inferior* quality. This stoneware 
clay is used in mixture with the South Amboy stoneware clay for 
pottery. 

The pipe clay (layer No. 5) is quite sandy, but the sand in it is 
fine. It is of a drab color. 

The retort clay also is rather dark colored and quite sandy, 
but tough — ^a fire clay. 

The fire clay restricted to its narrow limits, as it is by tlie.-L 
local names, is fine, white and free from grit, becoming sandy 
towards the bottom. The latter is used in mixture for^tenipering 
fat clays, or for No. 2 brick. 

Some of the best of the top clay and sand layer (3) is very hard 
and solid, and is used in pipe. It contains scattering fragments of 
lignite. 



B. KREISCHER'j* pits. 



This property is east of the Mutton Hollow brook and north ot 
the road. The beds overlying tlie clay here are : 

(1) Red-shale drift "> fV<t 

(2) Mottled, red and white, riiicaoeou> sand, reHt.'n»l>linii /•«(>/«/?, and in places 

containing a whitish clay '> iV. f 

(3) Laminated sand and clay, ponielinies containing inipn scions of Kaves... 4 K* i 

The clays show the following succession, beginning at the top : 

• 

(4) Clay for stoneware 1 !• < i 

(5) Clay for smoking pipe 1^ f' <^' 

(6) Kaolin-\\kQ sand '.) Iik Ik- 

(7) Fire clay 1 u (\ 

(8) Black, sandy earth, containing lignite and ]>\ rit<- .-it iIk- l»niit.ni 

Layer (4) called stoneware clny is sandy, of \\<j]\{. bluisli ooloi". 

The next layer (5) is compact, dai-k colore. I, l>ut di'viiiu- white. 
and burning white. It is used with a more -aiidy day for tin. 
pipe mixture. The fire clay of tlies<' ].it- i- hlnj^h and hard, but 
crumbling on exposure to the weather. 

Some of the overlying clav and san-l hiv. r !X<». ^5) is <;o«h] 
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enough for common brick, but it is not now used except -to fill 
up pits. *\-' • 

Further north the pits go through a bluish-white fire clay into 
a light-spotted and red clay ; and the total thickness of clay 
there was 12 feet. Under this the sandv clav with lignite and 
pyrite was found. No. 36 on the general section shows the posi- 
tion of this clay bank. A little of the clay dug at this bank is 
sold, but nearly all of it, and all the^re rfay, is worked up in the 
fire brick and clay retort works of the proprietors, B. Kreischer 
& Son, at Rossville. Staten Island. 

In 1873 the product of these pits is said to have been 17,000 
tons of clays. 

The pits of S. A. Meeker, across the road, east of Kreischer's 
bank, have not been worked lately, and no data respecting them 
is at hand, and their description is omitted. 

MELICK brothers' CLAY PITS. 

These pits are south of the straight New Brunswick road and 
just east of the old road, and near the village of Woodbridge. 
The red-shale drift and yellow sand and gravel cover the clay 
from 10 to 20 feet thick. At the north end of the bank the lat- 
ter bed is wanting, and the shale drift is in contact with the clay. 
A granite boulder, 10 feet in diameter, was found here, lying half 
in this drift and half imbedded in the clay. Its upper surface 
was polished; while the under side was rough. The clay surface 
in these pits is marked by inequalities. The top clay is dark- 
colored, and is used for pipe making. This is thin at the north, 
but 3 to 6 feet thick in the southernmost pits. In the latter 
there is a layer of sand 2 feet thick between the pipe clay and 
the fire clay. The latter is about 6 feet thick, and its surface in 
the northern pits is 57 feet above high tide level. It is under- 
laid by a white quartz sand. It is white, with very little gritty 
matter, and very refractor)'. The clays of these pits are carted 
to the dock of the proprietors, on the creek southeast of the vil- 
lage, whence they are shipped as orders require. The same firm 
own clay lands north of these pits and north of the straight New 
Brunswick road, adjoining the Salamander Works' clay bank, 
but they have not worked there recently. 



.••• 
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'J?Hi&<5ompletes the description of the Mutton Hollow group of 

clay 'pits, consisting of several ownerships whose openin(::s are all 

connected, so that it is in reality one great excavation, which lias 

**iaken out nearly all the accessible days of value in tliis hollow, 

.-.'••..or valley, and filled it partially with great, flat-topj)CHl niuund< 

.•.';C** of waste clays and top dirt. 



» • 






CLAY PITS SOUTH OF WOODBRIDGE. 

Groing east on the clay docks road from Mutton Hollow there 
is, on the north side of this road, a group of pits which have 
been so worked that they are almost united, although they are 
distinct in ownership, belonging to three proprietors, viz : S. A. 
Meeker on the west, Isaac Inslee in the middle, and James Val- 
entine on the east. 



s. A. meekkr's pits. 



The succession of the layers seen in Meeker's pits, beginning: 
at the surface, is as follows : 

(1) Red-8hale drift. 1» !v. i 

(2) Light greyish clay -^ (vi 

(3) Sandy, white clay _ in t 

(4) Dark colored clay •"> u* ; 

(5) White, quartz Band at bottom 

Leaf impressions are said to oecur in this dark colored to ])]ark 
clay at the bottom, but no li<^nite or pyrite. It is vi rv hard and 
solid and is said to burn white, and is used, toi^ether with theurey- 
ish white and sandy white clays, in ]d{)e. Arc-ordiiii:," to thrthvu- 
tion of the Wood bridge bed on the line of strike pa>sino Ifurniirli 
this opening, which is 48 feet, and tlir Iiriudits o( this lud in the 
adjoining pits of Isaac Inslee and Janir< \'alrniin<', 1- and 41 
feet, respectively, these pits do not i:<'t d(('|> cnoimli |o rtarji it. 
The bottom of the above descrii)ed >••< tjon i«^ at M i<ii. iSr. 
general section, Nos. 40 and 41.) 'i'li»^ txi-i« nee (»r It ;if imprrs- 
sions also identifies it as the leaf laver wliifli lir< over lin.' Wood- 
bridge bed. 
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ISAAC INSLEffS PITS. 

These pits showed when visited, and when worked in 1874, 
the following strata, viz : 

(1) Red-Bhale drift » g ^^^ 

(2) Yellow gravelly sand f 

(3) Sandy, whiteclay 2 feet 

(4) White sandy bed (called ikoo/tn) 4 feet 

(5) Dark colored, sandy, pipeclay 3 feet 

(6) Black, sandy earth 2 feet 

(7) Fire clay 3 feet 

Dark colored sand at the bottom 

The bottom of the fire clay layer has an elevation of 38 feet- 
Leaf impressions have been found at the bottom of the pit and 
in the white fire clay. This is the only locality where they have 
been seen in that bed. 

These pits have not been worked since 1875. 

JAMES valentine's PITS. 

Mr. Valentine finds that both the top-dirt, or bearing, and the 
clay bed are very uneven, showing much variation from point to 
point. The stratification generally exposed is as follows : 

(1) Red-shale drift 4-6 feet 

(2) Sandy clay (white, greyish and streaked) 3 feet 

(3) Sjind 1 foot 

(4) Dark-colored, pipe clay 2 feet 

(5) Fire clay 8-10 feet 

(6) Sand and sandy clay, with lignite, at the bottom 

Some of the greyish-white sand and sandy clay found on the 
pipe clay is sent to steel foundries as crucible linings. In places 
this makes up nearly all of the top-dirt below the shale drift. It 
is almost all quartz, although there is some clay streaked through 
it in some of the pits. 

The fire clay layer appears to be very irregular, lying in 
bunches, or pockets. Its elevation (top) is 42 feet. This clay is 
white, very tough, quite free from sand or gritty matter, breaks 
with aconchoidal fracture, and is highly refractory. In burning, 
it shrinks considerably, like all the pure or aluminous clays of 
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this fire clay bed. Mr. Valentine says that he has bored 80 feet in 
the level ground north of his pits and found no fire clav. To- 
wards the northwest he found black clay only. Southeast of the 
pits the auger brings up a sandy clay. These explorations indi- 
cate a want of regularity in the bedding in this locality greater 
than is generally observed where the surface is so smooth as it i> 
here. The thinness of the fire clay in Inslee's pits, on the we>t, 
also points to unevenness in the original deposition, since it a[)- 
pears there to be covered by beds that belong above it, in their 
regular order of succession, although their complete identifica- 
tion is not certainly made out. A large part of the clay of these 
pits is used in the fire brick and drain pipe works of M. D. Val- 
entine & Brother, about a half a mile east of the pits. 

f 

ISAAC INSLEE'S pits — (PERTH AMBOY ROAD.) 

These pits are on the road side a few rods south of Mr. Inslee's 
residence. There is much variation in the bedding wliicli has 
been exposed in this opening, and hardly any section is a repre- 
sentation of the whole. Generally there is red-shale drift at the 
surface, then black clay, very hard and showing a jointed struc- 
ture; then the fire clay bed becoming sandy towards the bottom 
of the pits. The top dirt varies from 4 feet u|)wards in thickness. 
The black clay at the top is in places 12 feet thick. It has a 
laminated structure, including filmy layers of white quartz sand. 
It contains a considerable amount of carbonaceous or coalv 
material, which gives it a very black sluuU^, besides small frag- 
ments of lignite. The lower part of it is very hard, and hnaks 
with a clean, sharp fracture into s(|uare, flattened, |>hitr-lik*' 
masses. Small, nodular masses of amber are occasionally iMund 
in it. Leaf impressions also occur in it. This elay is sold ft.r 
making pipe. The best of it is destitute of tlie laininatrd stnu-- 
ture. The fire clay has a mean height of about 30 i'eci. Judging 
from the elevation of the surface of the ground as givrn hy the 
contour lines of the map, but its surface is .juiti^ unevm. Some 
of it near the top of the layer is stained hy oxidr of iron in fihuy 
coatings on cracked surfaces, appaiiMitly < a used by in lilt rat ion 
from above. This also goes into drain i'i}'e. It is i7ii{)n>v(d hy 
weathering. Some is sold to foundries. Tlie fire clay i^ very 
hard, breaking up under the pick, with a courhoiilal fracture. 
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Both at the top and the bottom it is sandy. The top blxie^ which 
is sandy, is sold as a pipe clay. It is furtlier sorted into No. 1, or 
fine clay, for fire brick ; No. 2 also for fire brick, retort clay, and 
bottom sandy clay. In the latter small quartz pebbles are occa- 
sionally found. And this contains a large percentage of very 
fine sand. It burns without shrinking or checking much. The 
total thickness of the fire clay bed may average 10 to 13 feet. 

Thus far no water has interfered with the digging, and this 
lessens the cost of extraction. The small amount of top dirt has 
also favored the locality. But the clay being dry and hard it is 
not so easily or cheaply dug. These pits have been opened about 
a year, and the sales are reported as encouraging, even in these 
times, for new localities, which, like this, can furnish good and 
marketable clays. 

These pits are interesting geologically, as having been opened 
since the publication of the map of this district, according to 
which they are in clay territory^ and the bed here is within acces- 
sible distance from the surface. The general section appended 
to this report also shows its position (No. 50) within the limits of 
the Woodbridge bed as there drawn. A careful study of the 
map shows further that the area of workable clay territory ex- 
tends east of this a short distance, also a little further sontii and 
west and southwest to the clay pits above described and to those 
of Hampton Cutter and Sons. And a fire clay is said to have 
been got in digging Hampton Cutter's well at his house on the 
hill, but this was quite deep, probably too much covered for 
profitable extraction. 

FIRE CLAT BANKS OF HAMPTON CUTTER AND SONS. 

These are south-southwest of Woodbridge and west of Mr. 
Cutter's residence. The openings are properly in two groups of 
pits, separated by a short -space of ground that has not been 
touched in the work of excavation. The northern pits are in 
lower ground and not more than 200 yards south of James Val- 
entine's pits, described above. At these the top dirt of sandy 
earths and clays is, on an average, 6 feet thick. The clay bed is 
10 feet thick, and 32 feet (top) above mean high tide level. It 
is stained by oxide of iron in places, and is rather sandy, be- 
coming more so at the bottom. It is sold as a No. 2 fire clay. 
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Under it the pits stop at a sand, which is full of water. Tlii> 
may be the fire sand bed. (See general section, No. 46.) These 
pits have not been worked in two or three years. 

The main bank is a few rods southwest of that described. A 
large area of ground has been worked over, and many thousands 
of tons of valuable clay have been taken from it. On account 
of its extent and the inequality of the ground, the stratitication 
varies somewhat in diflferent parts of the bank. The following 
vertical sections, one at the east and the other at the west, illus- 
trate this diflFerence and show the several beds : 

EaMam Face of Main Bank. 

(1) Sandy and gravelly earth <3 feet 

(2) White quartz sand, including thin layers of earth feet 

(3) Sandstone (sand cemented by oxide of iron) \\ feet 

(4) White quartz sand 1 foot 

(5) Black, pipe clay 1 foot 

(6) White ware (and paper clay in some pits) clay ♦; feet 

(7) Red clay 7 feet 

(8) Sandy fire clay 7 fwt 

The sand bed in this bank (No. 2) is very plainly stratified, and 
much of the material in it is clean quartz sand. The stone layer 
(3) is in some places 6 feet thick. This stone is really a part 
of the sand bed, which has been cemented into a quite solid, 
stony mass by a very little reddish oxide of iron. It serves a 
useful purpose in working the bank by holding up the oveilying 
beds, thus preventing slides and accidents from falling toj) dirt. 
It is not firm enough for a very desirable building niatnial, al- 
though good enough for rough and light structures. It is thrown 
out'on the waste heaps. Some of tliis toj) sand is sold to liro 
brick makers for moulding. This sand bud is su])posed to l>o- 
loug to the drift. The clay under it begins the top of thc' regu- 
lar series here. Southward this black clay grows thicker and is 
remarkably uniform on the top, running nearly horizontal 
through the bank. Some of the pits do not get any red elay, 
the ware clay in them lying upon the extra -snndy white elay. 

The western face of the bank ati'ords the following se<-tiori, vi/.. ; 

(1) Red-slialy dirt '1 l-et 

(2) Dark-colored sandy clay and layer:? of santl -<) tit 
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(3) White quarts sand 2-3 feet 

(4) Bluish-white sandy clay 4-5 feet 

(5) Dark-colored sandy clay 4 feet 

(6) Retort clay 2 feet 

(7) Fire clay, No. 1 6 feet 

(8) Extra-sandy fire clay 

The black clay and sand bed (No. 2) of this bank is not used, 
although much of it, if sorted, could be put into pipe, and some 
into retort. It is quite dark colored, almost black in the bank, 
and contains a great deal of lignite and coaly or carbonaceous 
matter. Its composition according to an analysis of a good 
specimen, is as follows: 

Alumina 20.75 

Silicic acid and sand 56.00 

Titanic acid 0.95 

Water (combined) 10.67 

Potash 0.91 

Soda , 

Lime 0.22 

Magnesia 0.18 

Sesqui-oxide of iron 1.60 

Water (moisture) 2.40 

Carbon 6.73 

Total 100.41 

This analysis shows nearly seven per cent, of woody matter 
but this is not in the usual form of lignite, but rather fine car- 
bonaceous material distributed uniformly through the clay. As 
this is removed in burning, the mass is left open, and uninjured 
as a fire material. Its combustion also gives heat, and amounts 
to so much fuel in the kiln. The percentage of potash is com- 
paratively low. It may, therefore, be considered as a fire elay^ 
but of inferior quality. The great thickness of this bed in 
the western part of the bank, all of which has to be removed 
to get at the retort and fire clays, makes the work of extraction 
expensive — and such clay should find other uses than filling pits. 
The present practice at this bank is to put it by itself, in heaps out- 
side, where, if wanted, it can be easily reached. In some of the 
layers of this bed there is a great deal of sand and much pyrito 
and lignite. These are worthless. About 10 feet above the fire 
clay bed there is an apparent accumulation of lignite — in the 
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form of flattened twigs, limbs, and trunks of trees, and leaf im- 
pressions. For a thickness of 2 to 4 feet the mass is mainlv ina<le 
Up of these vegetable remains. All lie with their flattened forms 
in the plane of the bedding, evidently compressed by the great 
weight of the overlying clay and top dirt. 

The blue, sandy clay (No. 3), dries white, is very sandy, and 
contains many scales of mica. It is sold as a sort of sandy clay 
or kaolin for fire brick and pipe mixtures. 

Of the dark colored clay overlying immediately the lire clay 
the bottom two spits, or two feet, is used for retorts and saggers. 
It is very tough and plastic. It dries light in color. 

The fire clay of this bank is quite remarkable for its freedom 
from sand and its high character for fire brick, ware and paper 
glazing. The several varieties, as defined by these several uses, 
are dug at difierent points, one pit yielding more of the ware 
clay, another a paper clay^ &c., but they all belong to tlie same 
continuous Woodbridge fire clay bed, and their differences in 
physical and chemical characters are apparently slight. < gen- 
erally the easternmost pits have furnished the ]>ai)er clay ; the 
western and northern, the ware and brick clavs. These clav 
banks appear on the general section as Nos. 4t> and 52. The 
clay for fire brick is harder, more solid and breaks with a straight 
fracture. The ware clay is softer, more friable?, crumbling readily 
on exposure to the atmospheric agencies, and has a very decided 
conchoidal fracture. The specific gravity of the former is 1.701- 
1.769; that of the latter is 1.791-1.803, showing tlu' ware clay to 
be a little denser. In the kiln the ware clav is said to burn 
more open than the brick clay. The composition of tlic^c two 
varieties is not materiallv unlike; in fact it does not ditlV-r 
enough to justify any such variations as their uses intimate. 
The analyses of good, typical specimens are as follows : 
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Alumina 

8ilicic acid 

Water (combined).... 

Silica (aand) 

Titanic acid 

Potash 

Soda 

Lime 

Magnesia 

Seflqui-oxide of iron 
Water (moi8ture).... 

Totals 



38.24 
43.90 
14.10 



1.10 
1.30 



0.15 
0.00 
traces 
0.11 
0.96 
0.70 



96.24 



2.40 



1.92 



100.56 



38.81 
44.14 
12.97 



0.80 
1.30 



0.17 
0.00 
traces 
0.11 
1.14 
1.23 



95.92 



2,10 



2.65 



100.67 



1. Fire brick clay. 

2. Ware clay. 

In these analyses the lime was not determined. From what is 
known of other like clays it is scarcely a weighable constituent, 
rarely amounting to as much as the magnesia. 

The red clay, got in some pits, under the fire clay is quite hard, 
breaking with a conchoidal fracture, and contains some fine sand 
unevenly distributed through it. This is sold for stove linings. 
The sandy clay, below this red layer, is used in fire brick. 

This bank is 4rained by underground, covered ditches that 
carry the water from the lowest pits. This naturally easy and 
cheap drainage, with the thinness of the top dirt over much of 
the clay which has been dug, and the high prices realized for a 
large part of the clay mined, have made these pits a source of 
wealth to the proprietors. No other equal area of ground in 
the clay district has yielded so large an aggregate of net returns 
as these. The total number of tons of clays sold from these pits 
amounts to thousands of tons, and their sale has realized a fortune. 

WILLIAM cutter's CLAY BANKS. 



The main bank of William Cutter is connected with that of 
Hampton Cutter & Sons, lying immediately south of it. The 



• 
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geological relation and ebemical and physical characters of the 
clays are so like those of the former that no additional, sei)arate 
description seems needed. It is not worked now. About SO 
yards southwest of it, and in the woods, a new opening was made 
in February, 1876, which has been worked by Messrs. William 
H. and Josiah Cutter. A vertical section observed recentlv ex- 
hibits the following layers : 

(1) Red-shale drift earth 2- H) Ut^i 

(2) Black, sandy claj, streaked horizontalljr and irregularly with thin 

layers of sand G f(.H.t 

(3) Top, sandy clay :i-4 l«,ti 

(4) Blue, pipe clay 1 foot 

(5) Yellowish, streaked (alum) clay l! A vt 

(6) Fire clay and ware clay 5 iVet 

(7) Fire clay, partly No. 2 •') feet 

(8) Sandy clay, containing lignite, at the bottom 

The top of the clay is quite uniform and is about 30 feet above 
high water level, judging from the contour lines of the map, on 
which the surface here is 40 to 50 feet. The ware clav is sorted 
from the fire clay bed. This latter bed is more sandy towards 
the bottom, and this is sold as a No. 2 fire clav. The fire elav 
bed proper includes (5) to (7), inclusive, of the section given above, 
and is therefore about 12 feet thick. 

Going west from the Cutter banks, the next openings are the 
kaolin and clay pits of H. Cutter and Isaac Flood. In that of tlie 
former, a sandy clay and a so-called kaolin was obtained. It was 
not worked when visited. West of it, and connected with it, are 



THE CLAY PITS OF ISAAC FLOOD. 

The beds here when visited were as follows, beginnin,!: at the 
surface : 

(1) Red-flhale drift :> '> l\vt 

(2) White, pipe clay I '• kt t 

(3) Yellow, laminated sand I ) iVoi 

(4) Black, pipe clay \ u o\ 

(5) Black, sandy earth, containing sonic lijiriiit*^' :in«i j'yiit. '> i'l 1 1 

(6) Sandy white clay, used in stoneware '• t' vi 

(7) Sandy kaolin 

Black clav 
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Of these layers, No. 2, wliich is sold for pipe mixture, is really 
a fire clay of inferior grade. It is light drab-coldred, and has 
some iron oxide stains through it. 

The next bed (3) consists of drab-colored and white, thin layers 
of sand. 

No. 5 of the above section contains much lignite in small frag- . 
ments. The stoneware day of these pits is white and sandy, and 
is said to burn brown. It is used to mix with the South Amboy 
stoneware clays. The top of this bed is 38 feet above high tide 
level. There is some uncertainty as to the proper place of these 
beds in the geological series of this clay district, inasmuch as no 
fire clay is recognized here as belonging to the Woodbridge bed. 
The general section at No. 48 shows that the upper layers dug 
here belong above that bed, and that the stoneware clay is in it. 
If this be so, then the sandy, kaolinAike layer underlying it cor- 
responds to the fire sand bed just under the fire clay, and the 
dark-colored pipe clay (4) is the equivalent of the top-white clay. 
The next bed below this, in which there is much lignite and 
pyrite, must include the leaf horizon. Near tha line of the pro- 
perty on the east a retort clay was formerly dug, 30 feet beneath 
the surface of the ground, and separated from the kaolin-like 
sand by a stratum of black, sandy clay. Nothing further is 
known of it, and no specimens were seen. 

Cutter's pits are in the low ground east of Flood's. 

E. CUTTER FARM. 

This property is south of William Cutter's lands, west of the 
Perth Amboy road, and lying along the head of Spa Spring 
brook. Clays have been dug at several points in the lower 
ground near this stream. At the most westerly openings (old 
kaolin pits of the map), there was said to be a thickness of top 
dirt of 18 feet, then a pipe clay 3 feet thick overlying the sandy 
bed — here called a kaolin. Its elevation, according to the height 
of the ground here and the above figures, may have been 15 feet 
(top) ; and this is about the height at which the Woodbridge bed 
should be found. The kaolin may lie on it. 

A short distance from these kaolin pits, down the valle)'^ of the 
brook and on the east of the stream, there is a pit where a white 
fire clay is said to have been dug. Its surface was about 7 feet 



112 MIDDLESEX COUNTY CLAY DISTRICT. 

above high tide level. Still further on down this valley, and an 
eighth of a mile or so from the Cutter farm house, a dark-colored 
clay for yellow ware, and also for pipe, was dug. There were s 
or 9 feet of red-shale drift over it. This latter clav a|)])ears 
where the fire clay would be expected if the elevation and the 
thicknesses given above are correct. (See the general section, No. 
58.) It is possible that the stratification is more irregular along 
the valley of this brook, and that the fire clay has, in part at 
least, been replaced by more sandy layers, either as dark-colored 
clays and such as are suitable for pottery, or by kaolhiAike sands. 
Such variations and localities like this are to be expected where 
there seem to be exceptions to the persistence and uniformity 
observed over so large a territory and in so many openin<;s. 
More careful explorations are needed here to test this i)roperty 
and to settle these questions. 

8. G. PHILLIPS' PITS. 

These are newly opened pits east of the Woodbridge and Perth 
Amboy road and a few rods west of Spa Springs station. The 
vertical section partly from observation and partly from tlie 
statements of the foreman of the pits, is made up of the following 
layers : 

(1) Red-ahale drift 9 Avi 

(2) Dark-colored clay, containing py rite and lignite 4 •"» hvi 

(3) Dark-colored to black, pipe clay '.» htt 

(4) Fire clay 4-') 1\rt 

(5) Sandy fire clay '2 Uv\ 

The top of the fire clay bed here is about at thu level of ni«'an 
tide, and the bottom of the same about i* feet below liiuh wati r 
mark. Number 65 on the general section e.xliibits this openini;-. 

The top black clay (2) is thrown away as waste. Of the <iil- 
ceeding dark-colored clays, that in the nnd<llc uf tho bed i.r. is 
nearly black. All of it is suitable for |)ii»e mixture. Tlien- may 
be some of it adapted to more valuahlu us(>. 

Since these pits have been openc^d a eousidrral^le amount uf 
clav has been taken out and sold. 

This is another locality opened <incL' tlir |»ul>liratioM of Uii< 
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clay district map, and within the limits of clay territory repre- 
sented by it. 

Over the hill, south of these pits and southwest of Chas. 
Anness' residence, and just west of the Perth Amboy road, several 
small pits in fire clay have been dug by Mr. Phillips. North of 
this and on the hill across the road from Anness' house, there is 
an old pit where a little dark-colored clay was dug some years 
ago for making red brick at the Spa Springs yard. This belongs 
in the laminated clay and sand bed, which is the great source of 
the red brick clay for the several yards along the Raritan and 
South rivers. 

W. H. p. BENTOZr's CULT PITS. 

These pits are in the low ground west of the Perth Amboy 
road and the railroad, and south of those above mentioned. The 
first opening here was made about three years ago. The surface 
of the ground is a few feet only above high water and the top of 
the fire clay bed, as leveled, is 7 feet below that datum plane. 
The relation of these pits to this bed is shown by the general 
section. No. 67, being the columnar section of these openings. 
The following section, made from the observations of Mr. Benton, 
shows the several strata, descending : 

(1) Eed-shale drift. 12 feet 

(2) Sandy, blue claj, for pipe 8-9 feet 

(3) Fire clay, No. 2 5 feet 

(4) Blue, fire clay 2 feet 

(5) Beet, white, fire clay 5-6 feet 

(6) Black sand and sandy clays at the bottom, into which boring has gone... 7 feet 

The top sandy clay (No. 2) is not uniform, the sand in it being 
irregularly mixed with the more clayey portions. It contains a 
little pyrite. An analysis of a good specimen of it showed the 
following constituents : 

Alumina. 23.80 

Silicic acid 33.00 

Water (combined) 6.70 

63.60 

8 
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Silica (Quarto sand) 20.10 

Titanic acid 1.70 

30.81' 

Potash 2.01 

Soda 0.7»> 

Lime tracer 

Magnesia..^ O.o7 

Sesqui-oxide of iron l.fK) 

Sulphnric acid 

Phosphoric acid tracer 

Water (moisture) l.(K) 

5.94 

Total 100.24 

This is a tough clay, but not refractory. It answers well in 
mixtures for pipe. 

In some of the pits there is 2-3 feet of sharp, clean, white 
quartz sand over the fire clay and under this bed. 

The fire clay bed proper includes Nos. (8) to (5) inclusive, and 
is, therefore, about 13 feet thick. Some of tlie last pits dug art- 
said to have had a greater thickness tlian tliis, and of superior 
clay at the bottom. The best of the white fire clay dug here is 
bluish white; has a conchoidal fracture; contains very few gritty 
particles, and crumbles readily on exposure to the air, falliiiLi 
down into a fine lumpy mass. And the best of it is said to an- 
swer for white ware equall}^ as well as for fire brick. The com- 
position of the best of this fire clay is given in the followiuL'; 
analysis : 



ANALYSIS. 



Alumina r.7."»»J 

Silicic acid 42 j'O 

Water (combined ) 1 4 j >o 



Silicic acid (sand) l.H^ 

Titanic acid J.l<> 



Potash '• '"• 

Soda 0:^7 

Lime 



!M.l'i 



■' ^11 
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Magnesia 

SeBqui-oxide of iron 1.04 

Water (moiHture) 0.80 

2.56 

Total... 99.52 

The lime and magnesia were not determined. They are in- 
considerable in quantity, probably, together less than a half of 
one per cent, of the whole. 

Some of the dark-colored clay of these pits has been called a 
retort clay, but as to its composition or reputation nothing can 
be said. 

The depth of the fire clay bed in these pits under the top earth 
and clays and below tide level, necessitates the removal of much 
waste and the raising of all the water flowing into the pit. The 
cost of pumping this out added to that of stripping and digging 
the clay, makes mining in these pits more expensive than the 
present slow market justifies, even for fine clays. No work has 
been done here in over a year. The pits are now filled with 
water. 

Nearly a half a mile southwest of these pits, and also in low 
ground near the brook, Mr. Benton dug a single pit and went 
through : 

(1) Top dirt (sandy) 5 feet 

(2) Yellowij*h while clay 3 feet 

(3) Yellow sand 3 feet 

(4) Sandy clay 3 feet 

(5) JToo/iVlike sand 2-3 feet 

Dark sandy clay at the bottom 

This pit was not deep enough to strike the fire clay, as the 
ground rises in that direction, and the clay is about on the same 
level as in the pits on the roadside, judging from the strike of the 
formation. 

PITS OF CHA8. ANKESS A SONS. 

Anness' clay pits are south of his residence, east of the Wood- 
bridge and Perth Amboy railroad, and at the border of the tide 
meadow. The clay bed here, as at Benton's pits, is wholly below 
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tide level, its surface being somewhat uneven, but from 5 to 10 
feet below that level. The strata observed here were the follow- 
ing: 

(1) Red sandy earth (for red brick) ^ 

(2) GraveUj loam and earth, in alternating layers ) 

(3) Pipe clay 2 iVet 

(4) Fire clay 4 tVoi 

(5) Sandy clay and sand, dark-colored, at the bottom 

The top earth here is very fine and sufficiently clayey for red 
brick material. This has been stored by itself for such use when- 
ever it is wanted. It lies upon the gravelly drift, and is probal)! y 
of alluvial origin — a meadow mud. It is from 6 to 8 feet thick. 

The gravelly loam and earth (No. 2) varies greatly in thick- 
ness. It is waste. 

No. 3 is an inferior fire clay that is used in pipe. It is a little 
sandy, dark streaked, but dries white. The best fire clay of these 
pits is bluish-white, solid; having a specific gravity of l.SiJl — 
1.864. It contains some fine sand, which with the other rou- 
stituents appear in the following analyis : 

Alumina* 31.6i> 

Silicic acid 34.30 

Water (combined) 10.50 

7(>.4<i 

Silica (quartz sand) 20.60 

Potash 1.5:> 

Soda 

Lime 

Magnesia 

Sesqui-oxide of iron 0.74 

Water (moisture) 0.r>n 



2.S7 



Total iit'^r; 

Towards the bottom the bed is sand v. 

Another section, seen in a pit innre rrcL-iuly du^ than that 
which the above figures illustrate, i.s as follow^ : 

* Titanic acid with the alumina. 
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(1) Soil Ifoot 

(2) Sandy clay, bluiBh, in places yellow 6 feet 

(3) Sandy gravel and cobblestones 1-6 feet 

(4) Red, sandy earth « 4 feet 

(5) Clay and sandy gravel, in alternating layers 2-6 feet 

(6) Sandy clay ^ 12 feet 

(7) Fire clay 4-10 feet 

(8) Black clay 1 foot 

(9) Quicksand, black and underlaid by black clay » 6 feet 

This last is depth of boring from the bottom of the pits. 

The layer No. 2 furnishes a superior red brick material. 

The next lower layer (No. 5), is quite remarkable for its uni- 
formly fine-grained texture and its deep red color. Thus far no 
use has been found for it, altliough from its fineness of grain it 
seems adapted for some purposes of value. 

The clay of layer (6) is used either for pipe or for some kinds 
of pottery or stoneware. It may be regarded as the upper part 
of the fire clay bed. 

The fire clay has been found 10 feet thick in some borings 
west of the pits. In the latter, it was 4 feet thick. It is shown 
by the columnar section No. 71 on the general section. 

The water was raised from these pits by a centrifugal pump, 
worked by steam power. This, of course, was attended by con- 
siderable expense, as the amount of water is large, particularly 
towards the bottom. 

All the clay of these pits is worked up in the National Fire 
Brick Works of Charles Anness & Son, into fire brick, drain pipe 
and land tile. 

FELDSPAR AND KAOLIN PITS OF CHARLES ANNESS A SONS. 

These pits are one mile south of Woodbridge, and in Wood- 
bridge township, near the line road which separates this town- 
ship from Perth Amboy. In these pits there is considerable 
irregularity and variation in the thickness of the several layers, 
and the vertical section of any given pit is not always represent- 
ative of that immediately adjoining it. In the southernmost 
pits the following layers were observed : 

(1) Bed-ahale drift 18 feet 

(2) Yellow sand and gravel 6 feet 

(3) VHiite, sandy clay 3 feet 

(4) Fddgpar. 4-6 feet 
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Here the top of the feldspar bed was 91 feet above high water 
level. About 100 feet from the above section, and in the eastern 
pit face, there was : 

(1) Red-shale drift S iWt 

(2) Whitish sand 7 k.i 

(3) Feldspar. 3-5 foil 



And here the latter bed was 99 feet high. The unstratifievl red- 
shale drift, and the underlying sorted sand and gravel drift, are 
very finely exhibited in these pits. The former is much coarser 
at the top, and includes some large boulders, scattered irregularly 
through it. It is seen here from 3 to 18 feet thick. 

The yellow sand and gravel is nearly all quartz, and some 
parts of this drift bed are clean and sharp grained ami good 
enough for common mortar. The pebbles and cobble stones are 
generally in thin layers in the sand, marking very distinctly the 
lines of stratification. 

The top clay varies from a yellowish white to bufl', and to a 
deep red color. It is quite sandy and the sand in it is often ot' 
uneven giain. It is, however, refractory enough for admixture 
with other clays, for No. 2 fire brick, and also for pi|>e. Its 
thickness varies from 1 to 5 feet. In some of the pits there is a 
thin layer of reddish sand, with balls or concretionary masses of 
iron-cemented sand, between this clay and the frlchpar beil. 

The feldspar ranges from 3 to 10 feet in thicknes-^. In some ot 
the more westerly pits it is in two beds, separate* I by a bed oi 
white quartz sand, which is 2 to 3 feet thick. ILm'c the up)'er 
layer is of inferior quality and is considered a No. 2// /y/'n*. I:i 
the main layer or bed the material is in ])lacrs vai'ic 1 \>y tli-- 
presence of small irregular masses of white san<l surrouiwl* d by 
the feldspar. The material does not differ much froni tliiit dnu 
on the Forbes tract, and for the com|)ositi()n of the No. 1 uhl-ifHir 
reference is made to the analysis in the description of that local- 
ity. The finer-grained portions and also that wliich is at all 
yellowish, or stained by oxide of iron, or wliicli hasanyeartli witli 
it, are graded as No. 2. 

Under this bed there is a dark-colorrd rlavov sand. <'oiitainin(i 
some lignite and a little pyrite. Mr. Anm -< ^ay< lie lia- borrd 
20 feet into this sandy bed. Occasionally tin re \< a layrr of 
yellow sandy clay, 1 to 2 feet thick, sliulitly inixed \\\\\\ jthlsifnr, 
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between the sand and the feldspar beds. This /eZd«par opening is 
represented as No. 57 on the general section. 

The materials dug in these pits are carted to the proprietors' 
works, on Woodbridge creek and near Spa Spring station. They 
are used in the various grades of fire brick, sewer and drain 
pipe and land tile. 

The kaolin pits are about 200 yards north, northeast of the 
feldspar opening. These have not been worked in several years. 
They are in lower ground, and the kaolin did not exceed the 
height of 80 feet, or about 10 feet lower than the feldspar bed. 
This is probably a sandy material belonging to the micaceous 
sand bed underlying the latter. The so-called granite pits of 
I. Flood are a few yards south of Anness^ feldspar bank, and on a 
little higher ground — near the top of the ridge. Feldspar was 
dug in them. 

FORBES FARM — FELDSPAR BANK. 

This bank is in Perth Amboy township near the Woodbridge 
line road and a few rods southeast of Anness' pits. This large 
opening has shown much variation in the thickness of the feldspar y 
and also in that of the overlying beds of drift, and a single 
vertical section fails to represent the whole area here opened. 
The general character of the beds over the feldspar in their rela- 
tive super-position, varying thickness and inequalities are shown 
by the accompanying sketch (Figure 1.) This represents the order 
and the thickness of the several beds, not however in exact cor- 
respondence with the bank in its whole length. It is rather a 
combination of three vertical sections, as observed at different 
parts of the bank. 
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The following is a tabular statement of the strata : 

(1) Red-shale drift. 6-20 feet 

(2) Yellow sand and gravel 0-15 feet 

(3) Red and white, Mindyclay 1-3 feet 

(4) Fire sand and sandy layers 2-10 feet 

(5) Feldspar 3-8 feet 

(6) Micaceoas sand bed (boring) 20 feet 

The irregularities are such that thicker and thin beds are 
brought together. That is neither the minimum nor the max- 
imum thicknesses are always together in any given vertical sec- 
tion of the bank. For example in a recently measured section 
of the bearing there was of the 

(1) Red-shale drift 10 feet 

(2) Yellow sand and gravel 8 feet 

(3) Red clay „ 2 feet 

(4) White quartz sand (fire sand in part) 10 feet 

Or in all above the fddapar, 30 feet 

The two drift deposits are very finely seen here, and are 
sharply defined by a very uneven divisional plane. 

The clay bed (No. 3) is occasionally wanting. It is sometimes 
white, sometimes red, and always sandy. It is thrown away as 
waste. 

The next bed is a white quartz sand, some of which is con- 
sidered a fire sand. Some of it that is of finer grain and con- 
tains a little mica is sold under the name of kaolin. And it 
represents the kaolin bed of the clay series, being the equivalent 
of that which is found under the South Amboy fire clay bed in 
the several pits where that clay is dug. Some of this sand is yel- 
lowish and, in places, it shows oxide of iron stains. Here and 
there it seems to replace in part the feldspar or it is split into thin 
layers that alternate with like strata of feldspar. 

The height of the feldspar in this bank is on an average 96 
feet. Its thickness has been from 2 to 14 feet; the average has 
been put at 5 feet. The material of this bed also varies greatly, 
according as it is more sandy, or more clayey, or contains more or 
less of oxide of iron stains or other foreign matters. That which 
is most free from these foreign constituents and which contains 
the most clay is selected as No. 1 ; while inferior grades are 
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marked Nos. 2 and 3, the latter being little else than a clayey 
fire sand. The best of it is very white, solid and a mixture of 
nearly equal parts of clay and quartz grains. These grains are 
from fine sand to those half an inch in diameter and are slightly 
rounded. The composition of the No. 1 feldspar is as follows : 

Alumina and titanic acid.. 18.80 

Silicic acid IT). 85 

Water (combined).. 4.90 

40.55 

Silicic acid (fland) 58.40 

58.40 

Potash 0.15 

Soda 0.21 

Lime 

Magnesia 

Seaqui-oxide of iron 0,49 

Water (moisture) 0.80 

1.G5 

Total 100.60 

These figures show this strange mixture is a good fire material, 
being quite as pure as the best clays of this district, and, except- 
ing the quartz, quite as refractory as they are. In any compari- 
sons of this kind the only material difierence, chemically, is be- 
tween quartz and clay. Physically, the texture of {\io /(td.^par is 
diff'erent from the sandy clays, and from any fire brick mixture, 
where fire sand is used, in the more uneven grain and greater 
coarseness. The feldspars of the several grades are sold for tem- 
pering clay for fire brick mixture. Tliey command a quhv ready 
sale at good prices. 

The fire sand in this bank is in spots, contaminated by ball- 
like masses of pyrite crystals. Neither the sand nor the kaolin 
sell as well as the feldspar^ and there is a large stock of tliem in 
great heaps about the opening. 

The sandy earth found in boring undtM* i\\r pllsjxir e(Uitains 
quite a conspicuous amount of mica in vny tine scales, and it 
resembles i*aoZin. It is the micaceous sand ]>rd ot' iIk- plastic 
clay series. The general section, No. ")!>. ^ives tlir position of 
this opening and the boring in relation tu the siiata. On ac- 
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count of the excessive quantity of water in it, the pits stop at the 
bottom of the feldspar. 

The excavation at this bank has worked over several acres. In 
the deeper pits at the west, the bearing on the feldspar has been 
40 feet thick, making the cost of stripping very large ; but the 
height of all the beds above easy, natural drainage down to the 
bottom of the pits compensates largely for the expenses of re- 
moving so much from the top. This mode of drainage is very 
important, as there is a great deal of water in the lower strata, 
none of which are like the clay, wholly impervious to water, but 
rather water bearing beds, allowing all the waters from above to 
run through them ; and when very wet they become soft, and 
slide or fall down very easily. 

North of this henik feldspar has been dug in one or two small 
pits near the barn on this property, and within a few yards of 
the road. In these there was about 8 feet of vellowish, buff- 
colored, sandy earth ; then 2 to 4 feet of No. 1 feldspar y and sand 
at the bottom. 

The same bed has been found in trial pits and borings west of 
the main bank and also north of it and east of the farm house- 
It thins out in that direction, as the ground rapidly descends 
below its level. South and southwest of the bank the ground rises 
and as the bed descends in that direction it soon reaches the 
limit beyond which practicable or economical working becomes 
impossible. 

At Kinsey's corner a half a mile south southwest of the Forbes' 
feldspar bank, a well dug about thirty years ago, is said lo have 
reached the feldspar bed at a depth of 38 feet. The surface here 
is 130 feet above tide level, and the heiglit of this bed is 92 feet 
at this place. No. 62 of the general section shows its relative 
position and elevation. 

On this Forbes property, southeast of the feldspar bank, 100 
yards, or thereabouts, a light-colored, sandy clay has been dug 
and used in pipe. It is at an elevation of 55 to 57 feet (top) above 
tide level, or 35 feet below the feldspar. According to these fig- 
ures it belongs in the horizon of tlie laminated clay and sand. 
Borings near the old pits, and on the eastern part of the tract, 
along the road indicate the same clay stratum as extending in 
that direction, but thin and of no economic value. Lower a 
dark-colored, sandy clay, full of lignite, abounds, cropping out 
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along the brook, south of the road and seen in borings made 
near it. This is at 20 feet above tide level and is the equivalent 
of the sandy, leaf bearing bed, which lies immediately upon the 
Woodbridge bed. Some of the light-colored clay found on this 
tract may answer in the manufacture of yellow ware. 

« 

D. WATROns' FELDSPAR. 

Within a year or so considerable digging has been done on 
the farm of D. Watrous, a half a mile east of the Woodbrid^a^ and 
Perth Amboy road and 150 yards northeast of his house. The 
pits are in the low ground, near the head of a wet, swampy run. 
Only thin seams oi fddspar have been found, interstratified with 
yellowish white sand and covered by a red, slialy earth and a 
bluish black, sandy clay. The total thickness of this top dirt 
does not exceed 6 feet. The little feldspar obtained is much 
stained by oxide of iron. It is rather clayey and the quartz in 
it is quite fine grained. On account of tliis association in such 
thin strata with ferruginous sands, the separation of marketable 
grades of feldspar is scarcely practicable. A small heap has, 
however, been thus sorted out, but rather as an experiment. The 
height of the bed here is estimated from the contour (surface) 
lines to be between 80 and 90 feet. 

Borings in the low ground west of this opening have failed to 
discover any extension of the bed in that direction. 

FELDSPAR AND CLAY BANKS OF TUB KNICKERBOCKER LIFE INSl'KANCE CoMFANY. 

Feldspar and Fire sand. — These banks are from 200 to ^'00 
yards west of the Perth Amboy and Woodbridge road, and one 
and a half miles north of the former place. The old bank, not 
worked lately, is mainly a fire sand with tliin seams of Jvldsj^ar. 
The following layers were observed here in 1874 : 

(1) Yellow Band and gravel TJ iVvt 

(2) Chocolate-colored clay i^ Uct 

(3) Yellow, Bandy earth '2 Uvi 

(4) FelcUpar J f , a 

(5) Fire-sand ] I j, * t 

(6) Feldspar r, in. lus 

(7) Yellowish, gandy earth at bottom 
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But these layers are not persistent for any distance. They show 
the interstratificntion of sand and feldspar. Even in the sand at 
the top there are thin layers of feldspar and fire-sand. And the 
whole bank seems very much mixed in character. The highest 
outcrop of the fire sand is 71 feet. East of this bank a black 
clay crops out in ground a little lower than the bottom of the 
bank, or at an elevation (average) of 50 feet. This is quite sandy, 
and belongs under the feldspar bed. Some of it was tried in a 
kiln near the pit, for making red brick, but it did not burn easily, 
and the bricks were pale and tender, falling to pieces in the air. 
Some of them are still at the site of the kiln, near the road. 

Another bank, on this property, tor feldspar and fire-sand has 
been opened within a year or two. This is a little over 100 yards 
northwest of the old bank, and in ground of about the same 
height. This has the following beds : 

(1) Red, shaly earth with small boulders 0-3 feet 

(2) Tellowish-white sand and fine gravel 20 feet 

(3) Fire-sand « 3-5 feet 

(4) Fddnpar (average) 5 feet 

(5) Brown, chocolate-colored, sandy clay 2 feet 

(6) White quartz sand 5 feet 

Black, sandjr clay only found at bottom of deepest trial pits. 

The red-shale earth at the top is here a part of the true 
northern drift, which appears in the hollows only, as a very thin 
superficial sheet. In places this is wanting, and the sand and 
gravel bed forms the surface. 

The sand and gravel bed is very finely laminated, some of its 
layers show very plainly what is known as an ebb and flow struc- 
ture, that is sands obliquely laminated as if deposited by the 
changing currents of tide waters. Some of the sand in this part 
of the bank is very clean, but sorting is impracticable where the 
layers of it are thin and lie between those which are worthless. 
The surface of the fire sand is very uneven and its thickness is 
varying. It is in places streaked by oxide of iron. The feld- 
spar bed also varies a great deal in thickness, and has an irregu- 
larly undulating surface. Its average elevation is about 60 feet. 
The material is very white, consisting of a white clay matrix 
which holds the grains of white quartz, most of which are some- 
what rounded on the edges and range in size from fine sand to 
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pebbles half an inch in diameter. Most of these are opaque and 
crumble easily; some of them are bluish; others translucent. 
Throughout some portions of the bed there are scatterin<j^ eartli y 
specks that slightly aflFect its appearance and quality. The best, 
selected material contains the following constituents : 

ANALYSIS. 

Alumina and titanic acid ItnOT 

Silicic acid (combined and sand) 77.40 

Water (combined and bygroacopic) 4. .SO 

Seaqui-oxide of iron..... : 0.53 

Lime 

Magnesia .*. 0.2o 

Potaab O.lo 

Soda 

Total 98.70 

The composition is very much like tliat of the No. 1 fchhpar 
of Weidner's and also that of Edgar Brotliers' i>its. It is used 
quite largely by William H. Berry & Co. in their mixture with 
clay for fire brick and is much liked. A little ch\y has been dug 
on this property, south of the farm house and neartlic corner of 
the road. The clay was said to be yellowish white and quite 
sandy, but as it was not seen, nothing further is known of it or 
its relations. The ground hereabouts is between UO and 100 fvet 
high, and from the combined section the height of the 8outli 
Amboy fire clay bed is found to be between ()') and Su feet, which 
would put that clay within reach of pits of moderate (h']»lh. 
And it may be that the clay dug there was a part of tliat l>vd. 
but of an inferior quality. On the same section tljcse jrUhjxn- 
openings are represented by No. 73. Another clay pit is reported 
on the same tract, near the line between it and W. P. Biiiton's 
lands, and northerly from the feldspar banks. It must belong to 
the laminated clay and sand bed overlying the Woodbrivlge 
clay bed. Such clays as this bed furnislies, ^udieicntly refractory 
for many purposes, are to be found imi only on this tr^uM, ur 
farm, but also in all of the territory lying bitwi'en the outcrop 
of the Woodbridge fire clay bed and {\\r fJ<lsi„ir bed. 
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KAOLIN AND FIRE-SAND PITS OF ISAAC INSLEE. 

These are east of the above-described /eWspar banks, and a few 
rods east of the Woodbridge and Perth Amboy road. The kaolin 
was got in the north pits, and found near the surface, at an eleva- 
tion of 65 feet, which corresponds to the height of that layer here, 
as shown by the general section, No. 79. The fire-sand was dug 
a little south of the kaolin opening, and where the surface of the 
ground is a little higher. No work has been done here since the 
survey of this district has been in progress. 

CLAY PITS OF ISAAC INSLEE, JB. 

These pits are between the Perth Amboy road and the Wood- 
bridge and Perth Amboy railroad, northeast of the last-described 
locality. One of the pits went through the following strata : 

(1) Red shale drift 10 feet 

(2) Blue clay 5 feet 

(3) Black, sandy clay, containing lignite 5 feet 

(4) Sandy clay, resembling kaolin *) feet 

(5) Dark blue clay, containing leaf impressions 5 feet 

(6) Sand and clay 3 feet 

(7) Light-colored sand (boring) 15 feet 

The ground here is about 55 feet high, so that this pit and 
boring reached within 10 or 15 feet of tide level. The section is 
referred, from its position and height (see general section, No. 77), 
to beds lying below the feldspar. 

The top clay (No. 2 of the section) is considered the best of the 
pit, although not sufficiently refractory for fire-brick, as it is said 
to vitrify in the fire-holes of the pottery kilns. It might do for 
yellow, or for Rockingham ware. An analysis of it gives the 
following results : 

ANALYSIS : 

Alumina 28.80 

Silicic acid and sand 54.80 

Water (combined) 7.80 

Titanic acid , 1.00 

Potash 2.97 

Soda 

Lime...« 0.20 
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Magnesia » 0.64 

Sesqui-oxide of iron 2.*2n 

Water (mo^tore) l.oO 

Total 99.01 

The aggregate of alkalies and of lime, magnesia and oxide of 
iron, amounting to five per cent, of the clay corresponds witli the 
practical tests, indicating a somewhat fusible material. 

The layer, No. 4 of this section, is very sandy and not of value. 
Throughout all the layers of this pit scattering fragments of 
lignite appear, hardly enough in some of them to be character- 
istic, in others abundant. Leaf impressions have been found in 
No. 5 — a dark blue and very tough clay. 

The clays of Nos. 2, 3 and 5 are all quite good enough for 
pipe. That of the latter has been thought fit for retorts, but all 
of them are as yet, in a measure, of undecided character and the 
pits are rather more to test the ground than as clay producing 
localities. 

East of this pit the dark-colored clays and sandy beds, marked 
by the presence of more or less lignite and pyrite, are cut by the 
Woodbridge and Perth Amboy railroad, and some of these have 
been dug at the side of that road for pipe mixtures. 

JAS. valentine's KAOUN pits and new YORK AND LONG BRANCH RAILROAD CTT. 

This cut is through the rising ground south of the Woodbridge 
creek. The dark-colored clays and sands and the overlying 
kaolin and feldspar are all traversed by it. The following are the 
layers exposed here, beginning at the surface : 

(1) Yellow sand and gravel with red-shaly earth 4-8 ftct 

(2) Kaolin — average •") tV<t 

(3) Feldspar 1 tool 

(4) Yellow sand 1 loot 

(5) Black, micaceouH clay, lignite and pyrite l!< ► fet t 

Blaish, sandy clay at bottom, at level of track 

The kaolin has been dug on each side of (lie railroad cut — on 
the top of the ridge. It has an averuiri' lliickiuss «)f '> to 7 feet, 
varying, it is said, from 2 to 18 feet. The hhi^pnr is not nyw a 
foot thick, and in most of the pits it lut< aj»]>eart'd at or near the 
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bottom, under the kaolin. The top dirt on the east of the rail- 
road has an average thickness of 8 feet, and the height of the 
kaolin bed (top) is about 48 feet. It may be a little higher on 
the west side. This is rather low, as the general section shows 
it (No. 82), although we may here see the bottom of the bed only. 
The upper part of it may have been washed away or worn down 
previous to the deposition of the drift bed, which now covers it. 
The feldspar here is finer grained than that of Weidner's or An- 
ness' pits and contains some scales of mica, looking more like a 
mixture of fire sand and kaolin. It can be considered as the 
geological equivalent of that bed ; practically it is unimportant 
and is dug with the kaolin. The bed seems to thin out in this 
direction, and it does not appear either at Merrit's pits, southeast 
of this, or in the kaolin localities in and near Perth Amboy. 
In some of the western pits there is a thin stratum of yellowish, 
sandy earth at the bottom of the pits, under the kaolin and fdd- 
spar. But more commonly they occur, lying directly on the dark 
colored micaceous and sandy clay. This is, at the top, full of 
lignite and pyrite, and is valueless. Some of it contains much 
mica in very small scales. The lower part of this bed, near the 
bottom of the cut, is quite free from pyrite and lignite, and has 
a bluish shade. Some of it is reported to be suitable for Rock- 
ingham ware. It has not been used. Previous to the opening 
of this clay by the railroad cut it was supposed that there was a 
valuable clay bed under the kaolin pits. A reference to the com- 
bined general section will show that this ground is occupied by 
these dark colored clays and sands only, and that the fire clay is 
here too deep for working. Some of the clay in the bottom of 
this cut may, however, be valuable for pipe, or some kinds of ware. 

The sides of the cut have slid down somewhat, thereby mixing 
the layers and presenting sections that may mislead observers on 
a first inspection. 

The products of these pits are carted to the works of M. D. 
Valentine & Brother, near Woodbridge, one mile from these pits. 
They are used in the mixtures for fire brick. 

merritt's kaolin pits. 

This opening for kaolin is in Perth Amboy township, a mile 
north of the town, and a short distance west of the New York 
9 
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and Long Branch railroad. The top dirt is red-shale earth mixed 
with sand, gravel and some thin layers of red and white samly 
clays, and is 8-17 feet thick. This bed is modified drift. 

The kaolin bed is (top) 53 feet above tide level, and is from 4 to 
12 feet thick. There is considerable variation, and the siirf'are is 
undulating. Near the top it is streaked by yellowish oxide of 
iron stains and some little earthy masses. Its composition is, in 
part, as follows : 

Alumina and Aesqui-ozide of iron IT.lu 

Silicic acid and sand 77.1i» 

Potash l.:>n 

Water 4.r>0 

Total (determined) 1(h».(iO 

According to these figures there is clay in this haoUa. The 
quartz grains are very small, most of thein less than l-2un of an 
inch in diameter. The mica is in very fine white scales, and 
this may furnish a part, if not most, of the potash given in the 
analysis. 

It is sold for mixing with fire-clay in making fire-brick, stove 
linings, &c., &c. A large area has been worked over at th» su 
pits. As in mo^ikaolm pits there is some water, partieuiarly 
towards the bottom, and the di^gin;^ is sometimes interfered \\\\\\ 
by the excessive amount of it, although o:ood drainage is liero 
practicable quite to the bottom of the kaolin bed. 

KAOLIN PITS or A. HALL A S'>N. 

Hairs pits .are about a half a mile northwest of tluir v^uik-^, 
and between the Woodbridge and Perth Anil)oy railroad and (Ik' 
Easton and Amboy railroad. The kffJiu is 8-10 feet ihi. k. and 
is underlaid by a dark-colored, sandy eartli, occasionally ralUd 
** black kaolin." The kaolin got at these pin is eoarsrr -..aiiK d 
than that of Merritt's, and is regardud as of inferior <juaii;y. 
Very little of it has been used lately. 

JiAOLIN IN I'KKTII AMI oV. 

This bed is cut in several places in r« tth Aniltoy. ():i ;!n lino 
of the Easton and Ambov railroad, a Uw in-N (.a-i nf llaJr- pit-. 
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and near the railroad hotel, it was found in the low cut, and that 
under the track line was dug out. Streaks of reddish and of 
yellowish earths run through it, and affect slightly its quality. 
Its elevation here is (top) about 30 feet above tide level. Over it 
there was a thickness of 10 feet of red-shale drift. 

In some of the streets of Perth Amboy, near the sound, a 
kaolin like sand appears at an elevation of about 25 feet, covered 
by red-shale drift. In the western part of the town it is seen 
near the freight depot of the New York and Long Branch rail- 
road, at the level of the track. Over it there is the red-shale 
drift. Its elevation is here also about 30 feet. The thickness of 
the bed and the underlying strata are not known. The relative 
positions of these several openings for kaolin in and near Perth 
Amboy are exhibited on the general section by Nos. 88, 97 
and 101. »Sorae of the kaolin from Perth Amboy was formerly 
used in the Watson fire brick works. But of late its use has 
been discontinued. 

This kaoliih bed extends northeast beyond the sound into 
Staten island, and it is extensively worked in several large open- 
ings one-fourth of a mile northeast of Rossville. The bed there has 
a maximum thickness of quite 30 feet, although generally the pits 
stop at 20 feet in it. This kaolin is very white and the grains of 
quartz are from 1-200 to 1-400 of an inch in diameter. The 
mica is in small white scales. For purposes of comparison the 
following analysis is here inserted. It is of a representative 
specimen from the pits of the Staten Island Kaolin Company 
and sent to the State Laboratory by Hon. Charles A. Campbell : 

ANALYSIS. 

Alamina and flefK|ui-ozide of iron 5.70 

Silicic acid and sand 92.70 

PotaRh 0.35 

Water 0.70 

Total (determined) 99.45 

SAMUEL DALLY'S FIRE SAND PIT. 

This pit is a mile northwest of Perth Amboy, close to a cross road 
which connects the Woodbridge and Perth Amboy and the town- 
ship line road. The material dug here was found near the sur- 
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face and resembled a coarse fire sand, excepting a little more 
clay than is common to such sands. Its height, 110 to 120 feet 
above tide level, is much too great for the fire sand or the felcl^ijfar 
beds of this clay formation, and it can only be referred to the 
sand drift. 

Nothing was learned of its thickness. Only two or three small 
pits were dug, and the material thrown out was seen in a little 
that was left about them. 

EA8T0N AND AMBOT RAILROAD CUT — FELDHPAR. 

Feldspar has been seen cropping out in the Easton and Amboy 
railroad cut, one mile west of Perth Amboy and east of the 
Eagleswood road. This was in the bottom of the cut. 

J. H. manning's clay pit. 

This locality is one and a half miles west of Perth Amboy, 
near the New Brunswick road. A single, shaft-like pit was sunk 
in 1874, more for testing the ground than for the extraction of 
materials. In it the layers were : 



. v 



(1) Top earth — Boil and subsoil 2 o fcti 

(2) Clays (red and white) 10 f. , t 

(3) Black, sandy clay L* iwr 

(4) Fire sand 10 kti 

(5) Buff-colored clay I u. ( 

(6) Fire sand 4 iV«! 

(7) Feldspar (boring) ]<' u vi 

The surface of the ground at tliis i)it is 10:^ feet liigli, con- 
sequently the top of the clay is at 100 feet, and the bottom of tli<^ 
feldspar at 60 feet above high title level. The elevation of the 
latter corresponds with the horizon at win el i its heights at other 
pits and its proper dip would indicate for the bed at tliis point. 
The fire sand of this pit is the equivah'nt of the kaolin bed, and 
overlying it there is the buff sandy elay closely resembling the 
clay in the feldspar banks. The top elay, icd an<l white, l)eloiigr 
to the South Amboy fire clay bed. It is several feet higher than 
the same bed as opened in E. F. Kolx il>' ami in John l)r B^w's 
pits, even allowing for the proper dif» in the <listanee between 
them. The general combined section ( xhihii.- ihis locality iNo. 
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72) and the difference between the mean surface line of the South 
Amboy bed and the top of the clay at this place. The so-called 
fire sand layer under this clay and above the buff clay, is, possibly, 
a part of the South Amboy bed, which is at the bottom sandy. 

The white clay at the top is almost free of gritty particles, and 
apparently a rich and fine clay. Some parts of this bed are stained 
reddish. 

Some of the fire sand approaches a feldspar in composition, 
containing small lumpy masses of hard clay. 

The feldspar bed here was dug into about a foot, below which 
it was bored 10 feet. Specimens from it show more sand, and are 
finer grained than the average No. 1 feldspar of this district. 

Working was suspended here shortly after this deep trial pit 
was dug. The locality is more interesting geologically than 
practically, as it shows the relative positions of the feldspar and 
the clay beds. It is also a proof of the existence of these beds 
in this high ground north of the Raritan river, and, probably, 
in extent suflScient for further opening and mining. 

Northward, and also eastward, borings are reported, which 
have reached this fire clay bed. Northeast of this point, and near 
S. Daily's pit, a clay crops out in the road side, which is, proba- 
bly, of the same bed. A study of the map, and the general sec- 
tion, will show a wide area wherein exploration is feasible and 
hopeful. 

EASTON AND AMBOY RAILROAD CUT NEAR THE FLORIDA GROVE KOAD. 

At the west end of this cut a variegated, reddish and sandy 
clay appears, about 4 feet above the level of the track. It is cov- 
ered by a beautifully laminated, yellowish-white sand. Further 
east, in the middle of the cut, a dark-colored, sandy clay is ex- 
posed. The height of the red clay, in this cut, is about 90 feet, 
which puts it in the South Amboy fire clay bed. The only clay 
dug here was in the cutting for the railroad grade, and none of 
it has been put in the market. 

E. F. ROBERTS' CLAY PrrS. 

These are south of the Easton and Amboy railroad, near the 
Woodbridge and Perth Amboy line, and a third of a mile north 
• of Florida Grove. 



134 MIDDLESEX CX)UNTY CLAY DISTRICT. 

The pits .and borings made in the bottom of the diggin^^s, fur- 
nish data for the following scheme of stratification, beginning at 
the surface : 



^(2) 



T-i"' u^r 






{Ked-Rhale drift, (at west) ) 
Yellow sand and gravel, (at east) ) 

Buff-colored fire clav I 

Bluish fire clav ' 

Dark-8potte<l fire clay j 

Light-spotted fire clay i 

(3) Sandy clay (for saggars) 

(4) White sand and kaolin ]<» j'cvt 

(5) Feldspar 3 4 kn 

(6) White sand 

Black clay at the bottom. 

In the western part of this excavation red-slialo drift is the 
bearing on the bed of clay; while towards the east, yellow sand 
and gravel is found at the top. Both tlie toj) and the hottoni of 
the clay bed show great inequalities, ami there are diU'ereneus of 
9 or 10 feet within a few yards, the elevation of the surfaue va ly- 
ing from 80 to 89 feet. Its tliickness ranges between 7 and lo 
feet. The variation in color also is considerable. Generally the 
upper part of the bed is bufi'; then comes a blue; next a man- 
tled, red and white, of which the.up|)er j)ortion is of a darkrr 
shade, and is termed *'dark spotted," and the lower pordnn. 
which is lighter in color, " light spotted.'' A buff-colored clay is 
found in some of the pits under these mottled varieties. lUn 
this order is not invariable. Tlie lines of division l>etween tb«-v.' 
different colors, as seen in the walls of tlie j)its, are exceediniily 
irregular. The accompanying sketch illustrates this fa<-t. 
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a. Bulf and yellow claya. 
6. Blue clay. 

r. Muttlril, or ipoU«d clay. 
d. BuffeUy. 

The superintendent, Mr. Englisli, reports finding, occasionally, 
masses of blue clay entirelij enclosed in buff-colored clay, 
showing a change from above, descending and working into the 
clay mass. The spotted clays appear to consist of red and bluish 
masses irregularly intermingled. The dark spotted, as its name 
implies, is darker colored, containing more of the reddish 
masses, while in the light spotted there is a preponderance of the 
blue. The blue clay ia considered as No. 1 fire clay, and has 
very little sand in it. It is solid, breaking with an irregular 
fracture. Its composition is given by the followiug 



Alumina 38.40 

SilicicaciJ 40.40 

Titanic acid (with alumina) 

Water (combined) „ 12-59 



Silicic Kcid isand)... 



VobuU - 0.59 

Soda 

Ume - 0.22 

Hagoetia - 0.25 
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Seequi-oxide of iron 1/20 

Water (moisture) 1.3u 

0.06 

Total Ino.o*; 

According to these figures, this clay is like most of the best fire 
clays of the Woodbridge and South Amboy beds in general com- 
position, diflTering from some of them in having a little mure of 
the alkalies, oxide of iron and sand, a,nd, possibly ^ not quite equal 
to some in refractory qualities. 

The buff clay is faintly streaked by pale reddish lines of iron 
oxide. It has very little grit, but contains a little more sand 
than the blue. 

The spotted clays are more sandy. The sliades of re<] are due 
to a larger percentage of oxide of iron than is to be found in the 
blue or light-colored masses, and in these there is more sand also. 

The blue, bufifand some of the light spotted clays are sold for 
fire bricks and other refractory materials. The dark s})oiled and 
the lower, more sandy, bufl^ clays are used for saggars. 

Under the clays borings have gone 20 feet into a white sand, 
some of it a sort of kaolin, 10 to \i> feet thick ; then into a Jf Id- 
spar, 3 to 4 feet, and stopped at the top of a black, sandy day, 
resembling that which is so well developed in the river bank at 
Florida Grove. The several strata here opened ami their rela- 
tion to the clay formation, are illustrated by the little section, 
No. 78, of the general section af)j)ended to this report. A nar- 
row gauge railroad to Koberts' dock, on the river, serves lor tin 
transportation of the clays of these pits to that point, wlienc' 
they are shipped by boat. 

The first digging at this locality was in the fall of ls72, Awk 
which date work has gone on steadily until very recently. 

JOHN DE bow's eLAY TITS. 

These are across the road, about 2i>0 yards wist o\ iiobr 
pits. Here the top dirt is red-sliale (hilt, and is al*<'nt \y^ 
thick. The top of the clay bed is SO-S:; (Vrt abnvi^ liiuli 
level. The average thickness of tlie clay is said \o Im- lot 
feet. A portion of the top of the bed i^ white: lou* r \\ l>e*M 
mottled, red and white, while at the boltuni red is the pieva 
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shade of color. All of it is quite sandy. The red clay contains 
some iron oxide. These make it worthless for more refractory 
uses, and hence its sales have been limited and the area dug over 
has been small. A white quartz sand is found at the bottom of 
the pits. 

FELDSPAR PITS OF EDGAR BROTHERS. 

This opening is on the William Watson farm, in Woodbridge 
township, two miles northwest of Perth Amboy, and a quarter of 
a mile north of the Perth Amboy and New Brunswick road. 
When visited two years ago the following vertical section was 
observed, showing the several strata there dug: 

(1) Red^hale drift ^ ^^^^ ^^^ 

(2) Yellow sand and gravel / 

(3) Red clay 2-3 feet 

(4) Feldspar 1-13 feet 

(6) Yellow Band 1 foot 

(6) Dark-colored kaolin-like sand at the bottom 

The top of the feldspar bed has a mean elevation of 83 feet 
above high water level, corresponding to the heights of the same 
bed at Anness' bank and to that on the Forbes' farm, when the 
proper allowance for dip is made. (See general section, Nos. 63, 
59 and 57.) There is here a wide range in the thickness of the 
bearing (layers 1 and 2 of above section), and also in its character. 
In some of the pits there is a red, sandy clay stratum, 2 to 3 feet 
thick, between the sand and gravel and the feldspar. It is thrown 
away as waste. As elsewhere, the feldspar bed is very uneven, 
appearing in pockets thinning out here and there to less than a 
foot. The material is very solid, cutting like clay. The grains 
and lumps of quartz in it are from a quarter of an inch down- 
wards in diameter, and on the average a little smaller than those 
of the feldspar dug in the pits northeast of this opening. They 
also appear less rounded, or more angular. The following analy- 
sis shows the composition of the best of the pits: 

ANALYSIS. 

Alumina 17.46 

Silicic acid 16.50 

Water (combined) 6.30 

40.26 
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# 



Silicic acid (quartz sand) 57,10 

Titanic acid 0.9u 

'.8.C0 

Potash 0.12 

Soda 0.21 

Lime 

Magnesia ^ 

Sesqui-oxide of iron 0.51 

Water (moisture) 0.50 

1 .87 

Total 09.63 

These figures show a great similarity to the analyse.s of the 
same material as dug elsewhere in this clay district. 

The more sandy and finer grained portion of this bed, toirtther 
with any which may be stained by oxide of iron, is selectiHl as a 
No. 2 article. It is underlaid bv the thin laver of vellow sand, 
and that by the dark-colored sandy eartli wliicli is said to re- 
semble kaolin. 

About 200 yards north of the pits, and in ground about 15 feet 
higher than that about the pits, Mr. Edgar reports boring 
through 9 feet of red earth, 5 feet of fire sand, 1 foot of spotted 
clay, 1 foot of white sand, and then 8 feet offddspar. 

Edgar's/eZd^par pits were first opened tliree years ago. A very 
large amount has been dug. It is carted direct to fire briek 
works in the vicinity, or to tide water for slii|)nient to more dis- 
tant points. 



w. N. weidxkr's clay. 



This opening is one mile southeast of Ford's Corners, and ju>t 
at the south side of the road to Perth Anibov. It is littk- more 
than a trial pit dug in the hollow close to the brook, in the 
bank of this stream a sandy white clay nops uiil covircd i)y a 
dark-colored clay, full of pyrite and lignite. In the ]ais there 
was red-shale drift at the surface and ."> I'rrt thick. riid« r this 
a dark blue clay 8 feet thick, then a gi'ivish clay \'l l\ct tiiirk, 
and at the bottom a greyish sandy carl 1 1. As tli«' surfari- oi the 
ground here is between GO and To feet liiuli, tins clav has an 
elevation of 45 to 65 feet, which places it ix low iIh- hhlsi-nr bed 
and in the horizon of the laminated ciav i\\\<\ r-and ;\ii<l the 
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micaceous sand beds. For its exact location in the series and its 
relations to the neighboring pits see the general combined sec- 
tion, and in particular, No. 64 of that section. 

B. valentine's fire sand, feldspar and kaolin pits. 

These several pits are all near Mr. Valentine's residence, about 
a quarter of a mile northwest of Florida Grove. The southern 
slope to the river allows of easy access to these beds, beginning 
at the top with the fire sand and descending to the dark-colored 
clay at the bottom, and at the river level. 

Fire sand, — This is dug a few rods southeast of the farm- 
house. The bed appears about 5 feet thick, and is 70 feet high. 
It is underlaid by a hard, indurated sand. This sand is yellow- 
ish-white, and the grains of opaque, white quartz range down- 
wards from J and 1-16 inch in diameter to fine quartzose dust. 
There are in it a few lumps cemented by oxide of iron, but no 
mica. It is most probably drift. 

Feldspar, — Nearer the river, and at a height of 50 feet above 
it, a, feldspar has been dug. It is covered by a thin layer of top 
dirt, and is 2 to 5 feet thick, resting upon a black, micaceous 
sand. This latter bed is reported to be 10 feet thick. This feld- 
spar has more quartz and less clay than that of Weidner or Ed- 
gar Brothers, and is stained reddish by oxide of iron. The 
clayey portion is unevenly mixed with the quartz, and the latter 
is in smaller grains. Neither this nor the iaoiin, which is found 
a little to the southeast of it, can be considered as first-class in 
character. 

This bed appears as No. 75 on the general section. 

Lower in the hillside the dark-colored clay appears. A little 
of this was dug years ago, but it is not good enough for refractory 
uses. Its favorable situation for easy and cheap extraction and 
its nearness to water transportation make it a good site for the 
location of red brick works. 

Deeper and further excavation on this property may show that 
ihQ feldspar and kaolin beds improve in character further in the 
hillside, where they are covered more deeply. So far tiie whole 
amount of excavation here has been comparatively small. Of 
late years the work has been in the fire sand pits alone. 

Southwest of the house and 150 yards east of the Woodbri-lge 
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Clay Company's dockj at the level of high water, two borings 
were made about 60 years ago in search of coal. These struck a 
blue, slaty rock, at a depth of 100 feet. This is supposed to liave 
been hard shale or slate-like rock of the Triassic formation. One 
of these holes was sunk S3 feet further in this rock ; the other, t) 
feet below the top of the slate, struck upon what was supjioj^ed 
to be coal. In 'the absence of any notes or data, other than tlie 
memory of the land owner, these opinions are little more than 
conjectures. But the fact of so much rock, said to be slate, and 
its depth below tide water level, lead to the inference that it wa:? 
triassic shale, the flooring of this whole clay district. This depth 
agrees with our estimate, taking the descent of the Pairiian clay 
bed (60 feet per mile), as that of the rock upon which it rests, 
and having the elevation of the red-shale on the northwest 
border, at Edgar's station, Ruddy's pits, on Mill brook and at 
Weidner's pits (near Martin's dock) at 15 to 30 feet — that is, 120 
feet in about two miles, the distance measured on the liiH\of flip. 
This existence of the shale at such depth seems to prove that it 
is the bottom rock under all of these clav beds, and also that it 
has a general slope towards the southeast, with which they cor- 
respond. The general section illustrates these statements. 



.'•»»'<; 



WOODBRI DO E CL < Y CO M PA NY S PITS — ', E A ST I . 

This company has three separate localities or jj^roups of j>its 
where cla}^ has been du^. Tiie easternmost of thc.^e is at the 
border of the tide meadows, a half a mile west of Floriihi < I rove, 
and not far from the Raritan river. The top dirt h^rc cMiisists 
of red-shale drift a few feet thick, then a wcatliered, lainiiKiicd 
and sandy clay. According to the workmen of tlu^ pit^, the fol- 
lowing beds are found, and have the thickness uivcn in the 
accompanying figures : 

(1) Red-shale drift \ ^ . 

(2) Laminated, sandy clay i 1' " - 

(3) Dark-colored i)ipe clay '♦ lit i 

(4) Dark-colored sandy clay 7 \> i". tt 

(5) Bluish tire clay 7 V ivet 

{&) Sand at bottom, full of water 
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The thickness of the top dirt (1 and 2) varies here according 
as the point of measurement is nearer or further from the level 
of the tide meadow. On the northeast and in the bank the ma- 
terial is not properly a red-shale drift, but more of gravel, with 
shaly earth and a few small boulders and cobble-stones. And 
here it may be 10 to 15 feet thick, and the total thickness of the 
two beds (1 and 2) about 20 feet. TLe pipe clay surface corre- 
sponds very nearly to the level of high water; and this is appa- 
rently the equivalent of the top white day of the banks north- 
west of this locality. The sandy clay under it is worthless. The 
fire clay bed (bottom) is, on an average, 22 feet below high water. 
It is represented by No. 69 on the general section. 

In working these pits all the water, as well as the clays, have • 
to be raised to the meadow level, and there is, consequently, con- 
siderable expense attending the working of these pits. Partly 
as a result of this no digging has been done since 1874, and the 
pits haye filled with water. The nearness to the river and the 
comparatively small thickness of top partly compensate for the 
drawbacks from water. 

AuousniTE Campbell's pits. 

These are about 150 yards west of the pits above described, 
and not quite a half a mile east of the Grossman Clay and Manu- 
facturing Ck)mpany's works. They were formerly worked for the 
firm of Maurer & Weber, but have been idle for some time. The 
beds are said to correspond to those found in the pits east of the 
brook, and the bottom of the fire clay is about 20 feet below high 
w ter level. 

WOODBRIDQE CLAY COMPANY'S PITS — (WEST). 

These are west of the last mentioned pits, and about a quarter 
of a mile north of the works of the Grossman Glay and Manu- 
facturing Gompany. The surface of the ground immediately 
about the pits ranges from 10 to 30 feet above tide water. The 
top dirt varies quite as much in thickness, but in this there is 3 
feet of pipe clay. The fire clay is between 3 and 11.5 feet below 
high water. Sand is found at the bottom. Mr. Hope, the super- 
intendent, reports leaf impressions in the pipe clay, just over the 
fire clay. 
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This company works pits a quarter of a mile nortli of those, 
and east of the Grossman bank railroad line. This local it v was 
opened between two and three years ago. This also is at the 
tide meadow border. Mr. Hope reports the following l»e«ls, lie- 
ginning at the surface : 

(1) Sandy earth and red brick clay 4-11 Uti 

(2) **Speeky" day varying considerably 

(3) Fire clay, (No. 1) 2-»5 u a 

(4) Fire clay, (No. 2) 1*2 Wn 

(6) "Seamy'' day 

(6) Extra-Handy clay at the bottom... 

The so-called specky clay is quite white but a little sandy, 
although free from earthy streaks. It is sold for stuve linings. 

The fire clay, No. 1, is without grit, bluish white and solid. 
The No. 2 fire clay is not so white as No. 1, and more trial »le, 
crumbling easily. It is sandy. On weathered surfaces its eulor 
is a yellowish buff. 

The " seamy " clay, which is under the fire clay bed, is sandy 
and streaked with yellow earth. It is sold for pipe, or sometimes, 
after weathering, for No. 2 fire brick mixture. The extra-sandy 
clay also is sold for pipe making. 

All of these clays, geologically, are one l)ed, wliose up})er and 
under portions are more or less im{)ure on account of earthy an<l 
sandy admixtures. 

The clays of these northernmost pits of this company are not 
considered quite as good as those ]2:ot in the sun thcrn most, nearer 
the Grossman company's works. 'J'his company sells its rlny<. 

The present working bank of this company joins thai iA' A. 
Weber on the west side, and the strati lication corrosp<;n<!- in 
general to that seen in both Weber's and tlie Crossm;in <'iay 
Company's (east) banks. The red-shale drift i< here tliin, lyin,LC 
upon the black clay. The top wliite clay layer is hoic reco-niz-d, 
although partially replaced by a very dark-c«»|nred clay iu w lii.-h 
there is much lignite in small fra<i.niciils >.aliri\d tlircuu!* the 
clayey mass. A chemical examination of an avor.-me >|m. i'li.n 
gave seven per cent, of lignite or cnrhnn.ic «'U"< matlrr. in Hie 
kiln this amounts to as much fuel. ]>i-i<l.- ivii<!. ijno iln ]:- .'net 
more open. In practice this clay is -\ti<l lo l.'ini ;i- \' lii. . . - he 
best No. 1 clay of the bank. A wA <]-\ j^ iMiiid ir.iwi i il: ire 
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clay, and under that a sand. On the west, close to Weber's line, 
the top of the fire clay bed is white and stained on fissure sur- 
faces by thin films of oxide of iron. This occurs where there is 
less top dirt and overlying clays. It is not seen as yet in the 
bank. 

A. WEBEB's ClJiY BANK. 

This bank together with the several banks of the Grossman 
Clay Company and that of Philip Neukumet, are all quite close 
together in places adjoining, and they are all in the side hill 
where the upland level falls to the low ground immediately 
bordering the tide meadows. They are within a quarter of a 
mile of the Easton and Amboy railroad, and between three- 
quarters and one and a quarter miles of the Raritan river, at the 
dock of the Crossman Clay and Manufacturing Company, to 
which their clays are carried by railroad lines running from the 
several banks. 

At Weber's bank the stratification is very distinct, and follow- 
ing beds are seen : 

(1) Red-shale drift 10-11 feet 

(2) Blue, pipe clay 2 feet 

(3) Black, sandy earth 3 feet 

(4) Black, pipe clay #. 3 feet 

(6) Top white clay 3 feet 

(6) Dark-colored, sandy bed 4-5 feet 

(7) Fire clay, No. 1 6 feet 

(8) Extra-sandy fire clay 6 feet 

The top of the fire clay (No. 7) is 20 feet above high water 
level, making the top of the section nearly 50 feet high. These 
subdivisions are represented by No. 56 on the general section. 

The drift at the top includes some sand and gravel, but un- 
sorted. The blue clay at the top (No. 2) is a little sandy, tough, 
and dries quite light-colored. It is used in making pipe, and 
also for beer bottles, from which use it is known as blue bottle clay. 
The next bed is sandy and is not used. 

The blacky pipe, or bottle clay, (No. 4) is dark, lead-colored on 
drying ; it is more sandy than the blue bottle day, but the sand in 
it is fine grained. Its name indicates its uses. 

The top white clay bed is here distinctly defined. This clay 
dries nearly white, although not like the fire clay proper. From 
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this circumstance it gets its name — distinguishing it from tlie 
lower white fire clay. It contains considerable quartz sand and 
some very fine scales of white mica. It is sold for pipe. 

The fire clay is white, sjighty gritty, although no sand can be 
seen with small mfignifying glass, quite hard, breaking witli a 
conchoidal fracture. The extra-sandy fire clay is white, <iuite 
sandy, but very fine grained, solid, and is used in fire brick. 

The clavs of this bank are loaded on cars which run on a 
narrow gauge railroad from the bank to the dock at the Cross- 
man works, whence they are shipped to the proprietors* works, 
the " Manhattan Fire Brick and Enameled Clay Retort Works,'* 
East Fifteenth street, New York City. 

CLAT BANKS OP THS CBOaSXAK CLAY AND MANUFACTURING COMPANV. 

The three banks of this company, on account of their nearness 
to one another and closely similar position, show a correspond- 
ence and uniformity in the relations of the several layers and 
their thickness. As they cut the clay on a northwest and south- 
east line the elevations of the fire clay bed show a dip towards 
the southeast. Thus, in the west bank, this bed is 25 to 37 feet 
high ; in the east bank it is 10 to 21 feet, a difference of lo or 
16 feet in a distance of one-third of a mile, corresponding to a 
dip of 45 to 48 feet per mile. The horizontal section from Ford's 
corner to Whale creek, at the bottom of the map, cuts through 
these banks and shows their location and the dip of the clay bed. 
And the general section, Nos. 45, 53 and 55, shows the same dip. 

Easl Bank. 

This bank joins that of Weber on the west. Being so close to 
it the vertical sections of the two are verv niucli alike. The 
section of this bank includes the following beds : 

{)) Red-shale drift In iVet 

(2) Clay with sand layers (for red brick) 10 jWt 

(3) Blue, pipe clay :> tWt 

(4) Black, pyritiferous clay L'l I'eit 

(5) Black, pipe clay '2\ Mt 

(6) Top, white clay .v I iVvi 

(7) Clay and sand (leaf layer) <1 \Wi 

(8) Fire clay, (sandy towards the bottom) l<j 1 1 feet 

(9) Sand, with much lignite, at bottom of pits 
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The red-shale drift at the top of the bank includes many 
boulders of gneissic, granitic and quartzose rocks. One of feld- 
spar and quartz. 4 feet in diameter, was lately observed here. 

The laminated sand and sandy clay is used in the red brick 
yard near the bank. 

The blue, pipe clay is very tough, but a little sandy. Its 
specific gravity is 1.689 to 1.699. This ijs used for pipe. 

The black clay (No. 4) is sandy and contains too much pyrite 
for use. 

No. 5, of this section, is a dark slate colored clay, and is used 
in the manufacture of pipe, stove linings and beer bottles. The 
top white clay is rather sandy, yellowish white, and contains a 
little mica in the form of small scales. The bottom eighteen 
inches of this layer, or bed, is chocolate-colored, and, in places, 
almost black. According to a partial analysis, it contains of: 

Alumina and titanic acid 29.08 per cent. 

Silicic acid and nand 64.00 per cent. 

Combined water and moisture 6.80 per cent 

Senqui-ozide of iron 1.12 per cent. 

Potash 2.64 per cent. 

From the percentage of water the clay is calculated to be about 
one-half of the mass, leaving nearly one-half of sand. The large 
percentage of potash, and the iron oxide, show that it is not a 
good fire clay. It is said to burn white. Its use is almost ex- 
clusively for mixing with No. 2 fire clay for stove linings. With 
other clays it has been put into fire brick, No. 2, and is said to 
give strength to the mixture. Between this and the fire clay bed 
there is a bed, 6 feet thick, made up of sand and sandy claj^ in 
alternating layers, these varying from an inch to two feet thick. 
Just at the bottom of this, and on the top of the fire clay, leaf 
impressions occur quite abundantly. This bed has a great deal 
of lignite in it, scattered irregularly through it. It is utilized by 
mixing with the top clay and sand for red brick. In the western 
part of this bank there is, between this and the fire claj' bed, a 
layer of clean, white quartz sand,'! to 2 feet thick, probably be- 
longing to this bed. 

The fire clay is very solid, breaking with a conchoidal fracture ; 
it has in it a few scattering quartz grains which are somewhat 
10 
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rounded. An analysis of an average of the bed sliows tlie fol- 
lowing percentages: 

Alumina •)').7'> 

Silicic acid Im.s-') 

Water combined... r2.:^<i 

Sand (quartz) Ki/jO 

Titanic acid l.OU 

1-J.lO 

Potash <).;;7 

Magnesia tracts 

Sesqui-ozide of iron n.v»."> 

Water l.('«i 



2 '52 



H>o.o2 



The sandy clay at the bottom is considered u Xr. 2 fire mate- 
rial, although it is said tliat tliis will stand a more intense heat 
than the fai No. 1 clay. A partial analysis gives, of 

Water (total) 7.00 poi v. iit 

Potash 0.21 per < n.t 

Sesqui-oxide of iron 0.7S \i<-r cm 

These figures indicate abf)ut 40 per cent, of sand. 1'he potash 
and oxide of iron are each less than th<'v are in tlic N(». 1 clav. 
This sandy clay is generally mixed with the rich. (»r tVit r]:iy for 
fire brick, or sometimes with the top white clay lV)r nHic- j-iir- 
poses. 

This bank shows quite a long working fan.', and tho'rt'gui.iiity 
and persistence, as well as the evenness, r.f the s<v<iai 1h.|< i- 
remarkable. 

Middle Bank. — The order of arrang^MiK-nt (^f tli- l-fil- ;.; !lii> 
bank is substantially the same as th;it nlnndy dr-<iii". d in :lio 
eastern bank, although it is not (|uil<' >'> rn-y (o ^ dv ■ ..:[i ;.!i c^f 
the sub-divisions w^hich appear in the li.it<i\ 'ri;« ■ I y ;;i liie 
top of this bank has a greyish shade o: c-'lnr. a- i' '!" - :. iial 
blue had faded. Under this there is .i Mn- . j.ip" (1... • i. ■ ■ :ii..k. 
then a bed, 8 feet thick, of dark-(•<»^)i •. i r\:>\ \ iii; I'liii - ,inl 
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partings, and containing lignite and pyrite. This bed is not 
used. The top white clay is not so well marked here as in the 
east bank. The main fire clav bed is 9 feet thick, and has an 
elevation (bottom) of 17 feet. Here, also, the top of this bed is 
very even. 

West Bank, — This bank is about a quarter of a mile south of 
Ford's Corner, and 100 yards or thereabouts from the Easton and 
Amboy railroad. Here the top dirt is not heavy, and is mostly 
sand and gravel. Next under it is a blue clay 8 feet thick. It 
is quite sandy, and the sand in it is fine-grained. It also con- 
tains much mica in fine scales. It is used in drain pipe and in 
land tile, and, with fire clay, for gas retorts. Descending, there 
is a bed of black clay 8 feet thick. This is quite free from the 
presence of lignite, but it is rather sandy, and has a laminated 
structure. One layer in it, 2 feet thick, contains much pyrite ; 
otherwise it is entirely free from this constituent, so common 
to the dark-colored clays. The selected clay of this bed is used 
in pipe making. 

The fire clay in this bank is 11 to 12 feet thick, and has an 
average elevation of 25 feet. It is bluish white, solid and is con- 
sidered the best of this company's banks. At the bottom there 
is said to be a hard, red, ochrey clay. 

South of this bank, and in the lower ground, this company 
has another clay opening. In it a white fire clay was got, 11 
feet thick, and covered with 2 to 3 feet of top dirt. The frac- 
tured surfaces of this clay are coated by red films of oxide of 
iron, probably deposited by waters from above carrying tliis 
oxide. This clay bed is the same Woodbridge clay bed, which 
is ordinarily blue, or bluish white, which on account of its thin- 
ner covering has been more discolored by atmospheric agents 
and by drainage from the surface. It is not thought to be as good 
a refractory material as the blue clay. At all the banks of this 
company the clays are above tide level, and consequently the 
drainage is thorough and not expensive, through covered drains 
that open south of the banks in tlie lower ground. No pumping 
is needed, and digging is possible at all seasons of the year. This 
is oflFset in part by the increasing thickness of the top dirt as the 
work of excavation advances further into the upland bank. In 
consequence of the use made of much of this topy especially of 
the clayey beds, in the making of common red brick, the cost of 
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removal is much lessened, or at least partly counterbalanced 
This use of these clays in works so near the banks, is an econoiny 
in management worthy of the serious consideration of many of 
the clay proprietors and miners of the clay district, and also of 
the attention of capitalists who may be seeking new locations 
for the manufacture of common brick. The cost of the material 
is almost nothing, since these top claj's have to be removed, and 
generally the fire clay miner is glad to get rid of them at the 
cost of digging. 

By means of a railroad about a mile long, the clay of these 
banks is sent to the company's works on the Raritan. This road 
also carries the coal to the red brick vard and their brick to 
vessels at the docks. 

OnthelineoftheEaston and Amboy railroad, north of the Cross- 
man Company's middle bank, and 870 feet southeast of the Sting- 
tail brook, at its intersection with the railroad line, a boring 57 
feet deep, combined with the strata seen in the same railroad cut, 
affords the following vertical section ; 

(1) Red-shale drift ^ 

(2) Yellow Band and gravel > ^^ *''^^ 

(3) Sandy, slate colored clay 10 fWl 

(4) Clay (for red brick) 23 f^n i 

(5) Blue, pipe clay 7 tV^tt 

(6) Clay (for red brick)..: 8 iVit 

(7) Black Band and clay, pipeor bottle clay (\ tV*.i 

(8) 2'op white clay o tVit 

(9) Clay, (suitable for red brick) 7 \\v\ 

(10) Black clay 5 feet 

The Boring was through Nos. 4 to 10 inclusive. Tlie thickiuss 
of Nos. 1, 2 and 3 are from the cut, at its deepest point. The 
elevation of the track is 94 feet, so that the boring stopped at 37 
feet above high water level. According to thu combinetl gen- 
eral section the Woodbridge bed has at this ])oint an elevation of 
42 feet, which is 5 feet above the point wlu-re the boring stopped. 
The existence of the top white day and llic general eorres]>(>iid- 
ence of the boring with the general coluninar section, indieatt'S 
the fire clay bed as probably very near the iMjttoni of this boring. 
This section is also interesting as it inchid<'< nearly the whoK- 
series of beds between the feldspar bed and tlie \V(M)dhridge hre 
clay bed. It appears on the general seetion a< No. 47. 
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South of the railroad 250 feet, and 20 to 40 feet cast of the 
brook the fire clay has been uncovered at depths of from 13 to 
24 feet, and this locality has been worked during the past sum- 
mer, (1877). 

JOHN NEFKUMET'S ESTATE CLAY BANK. 

This bank is a few rods west of the west bank of the Grossman 
Clay and Manufacturing Company, and about a quarter of a mile 
south of Ford's Corner. In the western face of the bank the 
following beds are seen : 

(1) Sand and gravel and Fandj clays .*. 30-35 feet 

(2) Black clay (for pipe) 5 feet 

(8) Sand 5 feet 

(4) Fire clay 6-13 feet 

Sand at bottom of the pitB 

The top part of the bank was so fallen down at the time of our 
visit, that the subdivisions of the upper 30 to 35 feet could not 
be seen. 

Towards the east and southeast there is a less thickness of top 
dirt. In the eastern face there is only a little red-shale drift on 
the fire clay. This is interesting as marking the western and 
southwestern limit of this red-shale drift and the glacial drift. 
West of this the yellow sands and gravels (sorted or stratified 
drift) appear as the surface deposits. 

The best fire clay of this bank is bluish white in color and re- 
markable for its density and hardness, requiring the use of a 
pick in getting it out. Its density is 1.798-1.814, which exceeds 
the average of this clay by one-tenth at least. In it there are 
scattered grains of white quartz varying in size up to 1-32 inch 
in diameter and slightly rounded. The bottom of this bed is a 
mottled red clay, also hard and solid. This rests upon a yellow 
sandy earth. The whole bed is also remarkably dry and free 
from water. An eighth of a mile or so southeast of this bank 
and in the lower ground, there is another opening in which a 
fire clay is dug by the same proprietor. At this point the top 
dirt is about 3 feet thick, and the bed of white fire clay is 6 feet 
thick. Under it there is a red or mottled clay. This clay re- 
sembles in location and character that of the southern pits of the 
Grossman Clay and Manufacturing Company. 
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The clays of these banks are carried b)'^ rail to the dock of the 
Grossman Company, and thence shipped to Neukumet's Fin Brick 
and Clay Retort Works, Twenty-third and Vine stnets, Pliila- 
delphia. 

RARITAN CLAY COMPANY'S BANK. 

Going west from Neukumet's bank, there is only a short in- 
terval to this bank. As this has not been worked in several years, 
no data are at hand for descriptions. 

CLAY BANKS AND PITS OP CHARLES A. CAMPBELL A CO. 

Here the work of excavation has cut away the hillside (juite to 
the Perth Amboy and New Brunswick road at tlie Sand Hills. 
A very large area has been dug over, and the large ([uantity of 
top dirt has accumulated in huge waste heaps. No work has been 
done at this bank in several years. Tiie average tUiekness and 
the general succession of the layers seen in this bank, as repoited 
by Mr. Mundy, the foreman, are as follows : 

(1) Sandy earth (drift) s iVtt 

(2) Black, pipe clay 4 iVti 

(3) Sand (thinning out entirely in places) 

(4) Blue, Bandy clay o 5 ri 

(5) Black, Bandy earth, containing lignite and pvritt- 7 u-*.'[ 

(6) Fireclay S [\x-x 

(7) Red clay "> Uxi 

Sandy blue clay at bottom 

The top. of the black clay in this section is abont 70 iVt-i hinli. 
This would make the elevation of the tire clay bed alnuil ."»ii iV-^'i. 
The pits now worked by this firm are abont oO(> yards soutiiwc-t 
of this bank, and not quite a halt" a mile south of San<l Hills. 
They are in two groups, or separate openini^s. The more nortlierly 
of these is known as theWae clajj hank : ihiM.thrr as the whih chnj 
bank. These local names arise from thi> color of th«' ehiws fonnd 
in them. 

Northern^ or Blue Clay Bank. — In this opriiiii:;- tlie top dirt. 
or bearing on the fire clay, consists ot vrllnw niid uhilr sands 
and gravels, with some sandy, dark-eoloi'td <!ay- in plarr<, and 
is from 3 to 12 feet thick. The averaux b* i-hi ul" Ih*j yurlaee ot 
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the fire clay is 40 feet. It is 10 feet thick. Under it tliere is. a 
red, or mottled clay 8 feet thick. The total thickness of these two 
sorts of clay has been as much as 2G feet. Some of the bed is 
variegated, red and white, but there does not appear to be much 
order in the arrangement of these sliades of color, although 
generally the top and bottom are bluish white and the mid- 
dle portion red or mottled. Long, irregular shaped lenticular 
masses, or bodies of clean, white quartz sand are sometimes found, 
enclosed in the fine clay, analogous to the horses of rock which 
are seen in the bedded ores of older rock formations. The bottom 
clay is quite sandy. 

The Whiie Clay Bank is a short distance south of the blue clay 
bank. About an acre of clay has here been stripped, and the in- 
equalities of the clay surface show finely. These are gently 
undulating, but without order; ridges, furrows, small basins and 
little, rounded knolls succeeding one another. The top dirt, or 
strippijig, was 3-10 feet thick, and mostly yellowish, sandy and 
gravelly earths. The clay is from 5 to 8 feet thick, and the aver- 
age elevation of the surface is 38 feet. This white clay is the same 
bed as the blue clay of the northern opening, and of the old 
bank, which has lost its bluish shade of color by the oxidation 
of its iron (ferrous oxide), by the action of atmospheric agents 
that have worked more easily through the lighter surface cover- 
ing. Underneath this fire clay there is a sandy clay 4 to 5 feet 
thick, and under that a sand. The blue fire clay of these pits is 
slightly gritty, crumbling quite easily. The white fire clay is 
white, but stained by very thin films of iron oxide ; it is a little 
softer than the blue and crumbles more easily, and has a rather 
shaly structure. Its composition is represented by th^ following 
percentages : 

Alumina 35.94 

Silicic acid 36.20 

Water (combined) 12.10 

84.24 

Sand (quartz) 12.20 

Titanic acid 1.50 

13.70 

Potash 0.08 

Soda 
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Lime 

Magnesia 

Sesqai-oxide of iron O.Im; 

Water (moistare) ^^ ^ 1.10 

2.14 



Total luo.os 

While these figures show some sand, they also indicate scarcely 
more than traces of alkalies, and not much iron oxide. Its com- 
position is that of a very refractory clay, and quite equal to any 
of the blue clay dug in these Raritan river banks. The red, or 
mottled clay of Campbell's banks, is more sandy, and also of un- 
even texture. The lines of color are very sharply defined, and 
the red is of several shades. Both the blue and the white 
clays are sold for fire brick manufacture. The red clay goes for 
saggars, sewer pipe and No. 2 fire brick. The clay is loaded 
on cars in the banks, the tracks being moved from pit to pit, so 
that the workmen throw it directly into the cars. These run on 
Campbell's 6lay railroad to the docks on the Raritan, whence it 
is shipped by boat. A large amount is sent to Troy, N. Y. 

Fire Sand Pits, — About 150 yards southeast of CampbelTs 
blue clay bank, a fire sand is dug from a bed 5 feet thick. The 
top of this sand bed is 17 feet high, or 3 feet below the bottom 
of the Woodbridge fire clay bed at this point, as determined by 
the lines of strike and dip. This is supposed to belong to the 
fire sand bed which separates the Woodbridge and the Raritan 
fire clay beds, and to be the bottom of that bed. In the ditch 
leading up to the clay banks the sand crops out higher up, under 
the clay, and is much finer-grained. This de{>osit of lire ^and is 
said to thin out towards the west. East and south its limits are 
undetermined. The general section in Nos. 38, 42, 44 and 41) 
exhibits the relative position of the several i>its of this tinn. 

CLAY BANK OF ISAAC FLOOD & SOX. 

This bank is at Sand Hills, one and a half inilos (.ast of ]>on- 
hamtown, and close to the New Brunswick and IVrth Anil)()v 
road. The clay is covered at the eastern end of the bank l»y <> 
to 8 feet of yellow sandv loam and earth, an<l then l>v 1 "> W-vi of 

V *r ft 

fine, white quartz sand, some of whieli contains a ]itth> earth, 
and is sold for moulding. Further west this sand i> re}>laeed by 
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a dark-colored clay containing lignite and pyrite, interstratified 
with thinner layers of sand. The whole series of dark-colored 
sandy and clayey beds appear to have been eroded down to the 
fire clay, and the latter subsequently to have been covered by the 
sand and gravel drift, which filled up the excavated space to the 
general level of the surrounding country. This erosion seems to 
have been continued a little way into the fire clay, as this bed is 
highest at the west end of the bank where the upper beds of the 
series were undisturbed. The top fire clay (6 feet) is white, the 
lower portion (4 feet) is blue. The height of the bottom of this 
clay is 51 feet above tide level. A yellow clayey sand is found 
at the bottom, under the fire clay. 

Tliis bank was opened ten years ago, and has yielded a large 
amount of good clay. 

The products of this bank are sent into market over Camp- 
bell's clay railroad, and thence by boat, and also over the Easton 
and Amboy railroad, which is about half a mile distant at Sand 
Hills. 

CLAY BANK OF R. N. A H. VALENTINE. 

This clay bank is separated from that of Flood & Son by a 
roadway which leads intp these banks, branching from the main 
road that runs just north of them. The several layers of sand 
and dark-colored clays above the fire clay are very plainly 
marked and well exhibited in the long face of the extended 
workings of this bank, and the following vertical section, from 
observation and from data contributed by the Messrs. Valentine, 
presents these several sub-divisions in their order and relative 
thickness. (See general section also, No. 25) : 

(1) Yellow Mind and gravel 10 feet 

(2) Slate-colored, ftsndy clay 10 feet 

(3) Grey, Bandy clay 2 feet 

(4) Black Band 3-4 feet 

(5) Dark-colored pipe clay 4-5 feet 

(6) Black, Handy clay, with layers of fine 8and 3-4 feet 

(7) White sand 2 feet 

(8) Sandy clay 1 foot 

(9) Blue fire clay 7 feet 

(10) Red or mottled fire clay 

Sandy clay and sand at bottom 
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The top dirt here, mainly a yellow sand and gravel inixture, 
is from 4 to 10 feet thick. The next layer, the slate-coloiud clay, 
becomes darker in shade towards the bottom. It is carted awav 
as waste. The grey sandy clay is in places good enough fur 
drain pipe. The sand underlying this clay (No. 4) is also waste. 
No. 5 of this order is a tough black clay, and includes an occa- 
sional cast of a fossil shell known as the Cucullea antrorm. TlH\<e 
casts are of much geological interest, as they are almost tlic only 
marks of animal life which have been found in the clav lornia- 
tion of this county, and they help to determine its age. Lcjit^ im- 
pressions are also reported as occurring in this layer, but none 
were seen. It is possible that they may have come from the more 
sandy layers just over the fire clay. This clay is |)roi)ab!y the 
equivalent of the pipe and top white clays of the banks east of 
this. Under this there is a dark-colored, verv sandv elav in thin 
layers, separated by thinner, wdiite sand layers, which i^ives the 
whole a laminated structure. Pyrite occurs in it, but not sutti- 
cientto injure selected portions for drain ])ij>e. Li<::nite is abun- 
dant, and the fine, coaly matter in it makes it almost black. On 
burning it becomes white. The more sandy layers between this 
and the fire clay bed are carted to the dump as waste, or used in 
filling pits. 

The fire clay bed has an elevation of 51-54 feet (to|»i, but its 
surface is slightly undulating. The clay of this bed is blue* 
quite firm, breaking up readily, and sliowing a conchoidal frac- 
ture. No mica or quartz appear in it under a low mai;nifyini^ 
glass, although containing some sand. Its composition, accord- 
ing to an analysis of an average specimen, is as follows: 

Alumina and titanic acid -Vk'.) I 

Silicic acid :'.'^>" 

Water (combined) rj.'.»' 

^'.».e4 

Silicic acid (Band) s.I<* 

s.lO 

Pota«h '».l' 

Soda 

Lime 

Magnesia " " I 

Se«qui-oxide of iron l.*'l 

Water (moisture) 1.-'* 

- - 2.4U 

Total i»:*.01 
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The pits are dug through this blue clay into a red, or mottled 
and sandy clay, and generally stop in that. 

In tlie low ground at the southwest end of the bank, a white 
fire clay is dug under 1 to 3 feet of soil and sub-soil. This is 
said to be 14 feet thick. The average elevation of its surface is 
50 feet. This white fire clay has some iron oxide stains in it, 
but not sufficient to injure it as a refractory material. It appears 
a little more sandy than the best blue clay of the high bank. 
Some of it is sandy, and has some admixture of yellowish earth. 
This latter is sold as a No. 2 clay. 

The fire clay bed of Valentine's bank is not so irregular or 
uneven in surface as it is in many banks and pits. This is clearly 
exhibited in the long stretch of excavation from east to west, and 
in the sub-divisions above the fire clay also, all of which run 
nearly level from one end to the other. 

The figures of the several layers, or beds, given above, show 
how much top has to be removed, and how large a part of it has 
to be thrown on the dump as waste. And here, as at nearly all 
the clay banks of this district, there are tall and large heaps of 
refuse claj's and sands. Some of these stand upon day groundy 
80 that the working of such ground will require their removal 
first. The height of the clays in this bank is considerably above 
the natural drainage, permitting their extraction without need 
of pumping any water. Such a bank can also be worked by 
driving the carts quite to the bottom level of the clay beds, and 
the loading is then more easy than by throwing upwards from 
planking in the pit. 

The clays of this bank are nearly all used in the fire brick and 
drain pipe works of M. D. Valentine & Brother, at Woodbridge, 
and are carted thither by teams. 

Fire Sand Pits. — A quarter of a mile southwest of this bank 
tlie same firm digs a fire sand. The pits go through 3 to 5 feet 
of sandy top dirt; then 16 feet of white quartz sand. This bed 
is plainly laminated and the layers dip gently towards the south- 
east. Some of .the layers contain a little whitish clay. At the 
bottom there is a clayey sand, 1 to 3 feet thick, which looks like 
feldspar f excepting the larger proportion of sand, and is not so 
coarse-grained. Trial pits sunk still deeper show a continuation 
of quartz sand, but of fine grain. The top of this fire sand is 49 
feet high, which is a few feet higher than the strike and dip would 
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require it at this place. According to the combined general 
section the bottom of the fire clay bed would here be 44 feet high. 
These figures show some inequality in the stratification. 

This fire sand consists of slightly rounded grains of white, 
opaque and translucent quartz of varying sizes, from one-quarter 
inch downwards. There is a little clayey matter attaclied to 
some of these grains. A partial analysis showed of : 

Quartz sand 90.00 per ( mi. 

Alumina and Besqui-ozide of iron 4.20 per cent. 

It is used with the clays of this bank by the same firm in their 
works at Woodbridge, and is regarded by them as a very superior 
sand. 

Kaolin, — Valentine Brothers dig a sort of kaolin in tlie low 
ground south of their clay openings, but the work done there 
has not been very great as the same and other like manufactur- 
ing firms have other and more accessible Icaolin pits nearer their 
works. This deposit belongs near the fire sand horizon and can- 
not be much above the Raritan fire clay bed. 

The property was opened as a clay trad eleven years ago. As 
a matter of record in the history of the clay district txnd its de- 
velopment, it was purchased at that time for J?3,800. Since that 
its market value has been multiplied several times. 

EDGAR brothers' CLAY BANK. 

This locality was discovered by C. S. Edgar and opened V.y 
him this year (1877). The 6mr/?/^ is a stratified, gravelly an«l 
sandy earth and is 3 to 10 feet thick, averaging thus iar i\\nn\i •' 
feet. The surface of the ground liere is about 75 feet above the 
level of tide water, so that the top of the clay l>cd has an eleva- 
tion of about 70 feet. 

This corresponds with the height of the Woodbridge fire clay 
bed here. (See general section, No. 1'^.) 'I Ije t)e(l i^ al)<>ui 'JO 
feet thick. The best of the clay is fouiul near tlie to[) and in 
the middle of it. Towards the bottom it is reddish, spotted n.d 
and blue, and a little gritty. The u})per part is a gOi).l Hir . l.iy, 
bluish-white, and quite solid and compact. 'Jdie liii< sj of it is 
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sorted for paper glazing. The spotted clay may answer for No. 
2 fire brick, saggars, or stove linings. 

This bank is interesting geologically, as it is a discovery fol- 
lowing the hints given by the map of this district, and another 
confirmation of its accuracy and the correctness of the geolo- 
gical structure of this country as thereon indicated. 

8AMT7EL DALLT'S PTTS. 

These pits are close to the New Brunswick and Perth Amboy 
road, about a quarter of a mile from its junction with the Wood- 
bridge road. The surface of the ground here has an elevation 
of about 80 feet. The clay is found a few feet only beneath the 
surface, covered by the soil and a reddish, gravelly earth. The 
top of the clay has an average elevation of 74 feet above high 
water level. A comparison of this height with that of the same 
bed in the bank of R. N. .& H. Valentine shows the dip of this 
bed towards the southeast, or, as it is sometimes locally termed, 
the rise going northwestward. (See general section, No. 15.) 

The thickness of the fire clay dug here was not ascertained, as 
no work has been done in these pits in several years. The heaps 
show clays of several shades of color — some yellowish-white, 
others bluish, and still others reddish and mottled. On some of 
them there is a yellow efflorescence of sulphate of iron and 
alumina. None of them appeared to be very pure or fine clays. 
They might answer for saggars, pipe and in No. 2 fire brick. 

South of the road there are several pits, and the clay surface 
has an average elevation of 66 feet. Here also both the red and 
the blue clays are seen. 

Very little clay seems to have been carted away from these 
pits. The pits were dug by R. J. Wiley, and his name appears 
on the older map. 

CLAY PITS OP THE NEW JERSEY CLAY AND BRICK COMPANY. 

These pits are also near the Perth Amboy road, west of Daily's 
pits, and three-quarters of a mile east of Bonhamtown. At the 
most northerly pit, at the side of the road, there is but a few feet 
of top dirt on the fire clay, and the elevation of the latter (top), 
is 64 feet. It is 6 to 7 feet thick. It is white, a little sandy, and 
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slightly stained on some of the fracture surfaces by oxide of iron, 
especially near the surface. A yellow, sandy earth, also stained 
by iron oxide, is found at the bottom of the pits, underlying the 
clay. 

West-southwest of this pit, about 260 yards, several small ])its 
have been dug in the lower ground, near the head of a ravine. 
The top of the clay here is 45 feet high, which corresponds to tlie 
surface line of the Raritan fire clay bed at this point, as seen on 
the combined section, No. 13. The clay here is sandy, bluish- 
white on the top and red at the bottom. It is said to be 1 1 feet 
thick. 

A yard for making front brick was started here a few years 
ago, and there was a considerable outlay of capital for this manu- 
facture. A railroad IJ miles in length, from the yard to the 
river, was built for the transportation of clays and briek. The 
greater heat necessary to burn these clays (properly fire clays) 
was not given them, and as a result the brick produced by the 
ordinary kiln constructed here were pale, tender, crumbling 
and of little value. This part of the enterprise i)roved a failure, 
and the work was abandoned. Since the vard went down verv 
little clay has been dug on the property. Further exploration 
and the use of these lower clays for refractory purposes j)ronjise 
to be successful. 

The property is interesting geolot:^ically from the possession of 
both the Woodbridge and the Karitan beds, in outcro]>s that are 
quite near one another, and also near the surface of the <;r«)und. 
It ought to be made more productive than it is at i)resi'iit. 

DAVID flood's fire ?^AN1) AND (LAY PITS. 

These pits are about three-quarters of a mile southeast ot 1) -it- 
hamtown and a quarter of a mile west of the New Jersey ^ hiy 
and Brick Company^s pits. There are two v(.j,arate opeuiu^i- Ir.r 
clay. At the most northerly and tlie workini;- loculity th..i<.' are 
the following beds: 

(1) Gravelly earth and sand .. . - r 

(2) Fire sand (average) ■ - 1 

(3) Fire clay ■ u 

Sandy clav at the bottom 
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The top of the clay bed is 47 feet above mean high water level, 
and that of the sand 51 feet. 

This fire sand is mostly coarse grained and sharp. Its structure 
is laminated. In places it is streaked with oxide of iron and 
yellowish earthy sand. It is an excellent article and commands 
a steady market. 

The drab colored clay is rather sandy. A partial analysis gave 
9.60 per cent, of water, and 0.42 per cent of potash. The general 
resemblance of this clay to those of the Raritan fire clay bed and 
its elevation (see general section No. 22) refer it to that bed. Its 
relation to tlie overlying fire sand bed also indicates its place* 

The clay of the southwestern pits was near the surface and 43 
feet (top) above tide level. This is streaked with earth and of in- 
ferior quality. That from the bottom was said to be the best of 
these pits. In the valley of the brook and in the lower ground, 
between these two clay openings, borings show sand. It seems 
highly probably that the Raritan potters* clay bed will yet be 
found in this lower ground, and below the level of these clays 
here described. 

Northwest of the clay pits and near the road, a pit of sand has 
been dug, which is called kaolin. Properly it is a sand contain- 
ing a little mica in fine flakes or scales, and also a little clay. 
Its surface is 50 feet high, or above the level of the fire clay, and 
corresponding to the horizon of the fire sand bed, and belongs to 
that bed. (See general section No. 20). But little of it has been 
dug. Tlic materials from these pits are carted to a loading plat- 
form at the side of the railroad of the New Jersey Clay and Brick 
Company, whence they are taken in cars to the river and there 
shipped as desired. 

M. compton's fire sand banks. 

These banks are one mile southeast of Bonhamtown, and near 
the New Jersey Clay and Brick Company's railroad. The bearing 
is yellowy sandy earth, and reddish gravel, and is 3 to 6 feet thick 
in the westernmost pits. The sand is white, and almost wholly 
of quartz, but varies considerably in the size of grain. These 
varying sizes appear generally in different layers, which are thin, 
and give to the whole a laminated structure. In some of the 
northwest pits the sand is as much as 13 feet thick. Under this 
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there is a reddish, sandy clay layer 6 inches thick, and under 
that quicksand. The top of the sand bed is generally of tiner- 
grained quartz. These grains are angular and quite uniform in 
size, being about 1-30 inch in diameter. Under this there is a 
coarser-grained layer, some of the grains being as large as u pea, 
and a part of it, properly, a fine gravel. The grains in this are 
sharp, or but slightly worn, and mostly of opaque quartz. The 
more frequent sizes are from 1-16 to J inch in diameter. In 
some of the thinner layers of it there is a very little white clay 
mixed with the quartz. Near the bottom some of the fine-grained 
sand is very clean and white, consisting of white, translucent 
quartz grains of nearly uniform size — about 1-30 inch in diam- 
eter. This grade has been thrown aside, as too fine-grained for a 
fire sand. Partial analyses of these fire sands gave the following 
results : 



Silica (quartz) 

Titanic acid 

Alumina and oxide of iron 

Potash 

Soda ! traces 

Lime i tracers 



1 



98.00 Or,.40 
0.25 



1.45; 2.10 
0.20 



Totals determinea J'D.'JO 9S.50 



1. Coarse-grained fire sand. 

2. Fine-grained fire sand. 

According to those figures the first is a little better tlum tlie 
fine-grained. The alkalies and alkaline earths were not doter- 
mined in 2. 

The elevation of the fire sand bed in these banks is not known, 
excepting approximately from the contour lines that run near 
them. The bottom of the bed, as ascertained in this wav, is ;il)out 
15 feet above tide level. This, accordini:; to tlie section (No. 35) 
puts it partly in the horizon of the Ivaritan fire clay IkmI, and 
partly in the fire sand bed, as there drawn. 

This property is leased and worked l)y Thomas Aiken, of I)on- 
hamtown, and the sand is sold to J. 11. Watson, B, Kn Im h^r ct 
Co., A. Weber, and other fire brick inanufartnrer.s. Uy a short 
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branch tramway cars are run from from the banks to the railway 
of the New Jersey Clay and Brick Company, and thence to the 
dock on the river. As the bearing is light and easily handled, 
the sand bed thick, and the facilities for loading and transport- 
ing are good, the cost of putting this sand in the market is 
comparatively low. The annual sales have been large, and 
steady excavation for eighteen years has worked out a large area 
of ground. 

l^hese banks and the lower grounds near them should be 
farther examined for the ^ritan fife clay bed, which belongs 
under the fire sand. The wet and swampy character of much of 
the surface south and east of the banks, indicates a tight bottom 
and probably a bed of clay. 

Northeast of M. Compton's residence about a quarter of a mile, 
and near the Sand Hills road, there is an old fire sand pit not 
worked in several years. 

CLAYS, AC, IN THE VICINITY OP BONHAMTOWN. 

Nearly a mile southeast of this village a white clay is said to 
have been opened in a trial pit near the Crossway brook, and 
north of a house belonging to Ex-Sheriff Acken. This is in low 
ground, much of which may be considered available territory 
in which to discover the lowest clay bed — the Raritan potter's 
clay. The map illustrates this and the inquirer is directed to it. 

South of Bonhamtown and near the village, the Woodbridge 
bed has been opened in several places. On Jerome B. Ross' 
lands, 150 yards southeast of John Courter's residence, C. S. 
E^gar reports a pit which passed through white clay at the top, 
then blue clay and at the bottom a red clay, in all a thickness of 
24 feet of clay. 

Clay is also reported on Benjamin Tappan's lands, southeast 
of the village. 

There is also said to be fire clay on the property of L. J. Tap- 
pan, southwest of the village. 

There are very probably other points in this vicinity where 
trial pits have found this bed and of which we have not heard. 
But none of these have amounted to more than exploring work. 

Just north of the village a white clay has been found under 
the gravel at the gravel pits of the Pennsylvania Railroad Com- 
11 
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pany, and 7 feet beneath the bottom of the excavations made 
for thegravel. This was found in boring. This is at about the 
proper height for the Raritan potter's clay bed. 

A similar clay is said to have been struck in borings on Har- 
rison Martin's farm, northeast of the village and near the Mill 
brook. This also belongs to the Raritan potter's clay bed, \\ hie h 
has been opened and worked in the pits of Messrs. Mundy, 
Phoenix and Carman to the northwest. 

West of the village, at the road forks and th^ chapel, a fire 
clay was found in digging a well.^ It was 40 feet beneatli tlie 
surface of the ground, which has an elevation of 80 feet. This 
agrees with the horizon of the Woodbridge bed at that point, 

T. L. carman's clay. 

This clay is near the old brick yard, two-tliirds of a mile nortli 
of Bonhamtown and west of the Metuchen road. The top clay is 
dark drab-colored, and contains a few lumps of lignite. Tlie r^ d 
and white or mottled clay under it, is said to be 4 to G feet thiek 
and to lie upon red-shale. An attempt was made to use it ]\*i 
making red front brick, but the location was had, and the ola; 
was too hard to burn for profitable manufacture. The toj) of th 
clay here is 78 feet above mean high watt-r. This clay is a i>a^ 
of the Raritan potters' clay bed. 



W. C. A, K. MINDY's pits. 



These are only a few rods southwest of Carman's brick Vi 
The strata here, according to the statement of the- proprietor 
as follows : 

■ 

Earth and gravel <• 

Yel lo w, clayey earth 

White clay « 

Red clay (in places only) 

At the bottom red-shale was found /// sifn. These liLrnr 
of maximum thickness of the several layers as passed thro 
these pits. 

The surface of the white clav has an e]rvati>>n ul' 77 iVe 
high tide. On exposure some of the heaps sliow a eons" 
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coating or efflorescence of the sulphates of iron and alumina. 
Most of this clay is a little gritty. Some of it was burned in tile 
at adjoining works, and some of it was sent to Trenton for use in 
the potteries. 

QEOROE PIICENIX'S CLAY PITS. 

These are about 200 yards west of Mundy'sand near the gravel 
pit railroad. The clay bed is reported to be 8 feet thick under a 
few feet thickness of top dirt. Both the red and the white varieties 
were found here also. The mean elevation of the surface here is 
78 feet above high water level. Some of this clay is said to have 
been sold in Trenton for use in the potteries, but how it was used, 
and with what results, are not known Both Phoenix's and 
Mundy's clays belong to the Raritan potters' clay bed. They are 
shown at Nos. 2 and 3 on the general section. 

JACKSON TAPPAN's CLAY AND FIRE SAND. 

This tract of J. Tappan lies southwest of Bonhamtown, between 
the Piscataway road and the road leading due south from this 
place. A single small pit of clay has been dug. Nothing was 
learned of the character of the clay. It was probably in the 
Woodbridge bed, although the Raritan beds ought to be found 
on the lower part of the property nearer the marsh. 

The fire sand pit is a few rods south of the road which runs 
in a southwest course across the place, passing PVeeman & Van- 
derhoven's pits. This digging is in a very sandy knoll, one of a 
series of low, rounded knolls of very loose and coarse sand. 
Much of the sand dug here is yellow, and some of it contains a 
little yellow earth. Its structure is very plainly laminated. A 
large amount has been dug. There is said to be a coarse sandy 
clay under it. This pit is in the horizon of the fire sand, be- 
tween the Woodbridge and the Raritan fire clay beds. Its place 
on the general section is numbered 13J. 

CLAY PITS OF FREEMAN A VANDERHOVEN. 

These pits are one mile southwest of Bonhamtown and a third 
of a mile east of the road leading to Freeman's dock on the 
river. They are close to the by-road which runs northeasterly 
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from the last-mentioned road to the Red Root creek road, and 
on the southern slope of the ridge near its summit. At the ino^^t 
northerly pit there is 8 to 10 feet of bearing. This is clay loam 
and gravelly earth, with a layer of black, sandy clay just over 
the fire clay. The latter is, on an average, 10 feet thick, al- 
though it has been found 14 feet thick in places. Under this 
there is a sandy clay, probably the bottom of the fire clay bed. 
This clay is bluish-white, and has very little grit in it. An 
analysis showed the following percentages : 

Alumina 30.33 

Sand and KiUdc acid 47.10 

Titanic add l.«i> 

Water (total) 13.(30 

Sesqui-oxide of iron ^ 1.07 

Potash 0.20 

Total iVJ.W 

The percentages of alumina and water show that this is a rich 
and pure clay. The amounts of potash and oxide of iron are 
small. 

The elevation of the bed at this pit is about 00 feet, which cor- 
responds with the elevations at pits on and near this line of 
strike between this point and Woodbridge. The southwest pit 
is about 100 yards from this one. At that point tlie covering is 
but a foot or two thick. The clay is white at the top and of a 
peach-blossom shade at the bottom; and it is 4 to 9 feet thick. 
Only the two or three spits at the bottom are of the reddisli, or 
peach-blossom shade. This is more sandy. 

In this pit the clay is at nearly the same elevation as in the 
northeastern, although the ground is about 10 feet lower than it 
is about the former. On the ridge northwest of the {>its the 
borings go through dark-colored clay and then into a blue tire 
clay, showing that the white variety is only a part of the bed 
where it has not been so deeply covered, or not covered at all. 
In one of these borings on the hill, where tlu- surface altitude is 
about 90 feet, the section penetrated was : 

(1) Clay, loam and gravel iVor 

(2) Black, clay and sand S-t« l\(} 

(3) Blue, fire clay 10 iVti 
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Mr. Freeman says that this blue clay burns white and close. It 
lias been tried in small lumps by the fire brick manufacturers, 
with good indications. 

In some of the borings on the hill there was 25 feet of bearing^ 
but the range was found to be from 8 to 25 feet. Generally the 
extreme thickness was in the higher ground. Towards the south- 
east, beyond the pits, and also towards the southwest, between 
the two pits, there appeared, from many borings, to be breaks or 
partial interruptions in the continuity of the fire clay bed. 

The location of these pits is such that an open ditch drains off 
all the water and the clay is very dry. The clay is carted to 
Freeman's dock, a mile and a half distant, on the Raritan river. 

These pits make the most southwesterly outcrop or opening 
of the Woodbridge fire clay bed, on the north side of the river. 
Reference to the map shows the extension of the clay land a 
little further towards the west. 

B. Ellison's clay. 

This property borders the tide meadows of the Raritan, and is 
about a mile south-southwest of Bonhamtown. The surface 
slopes quite gently from a maximum elevation of 70 feet, on the 
north, near the farm house, towards the south and the meadows. 
This slope being greater than the dip of the clay formation, both 
the Raritan fire clay bed and the Raritan potter's clay bed are 
found at workable depths, the first towards the north and on the 
higher ground, and the latter on the lower portion of the farm, 
near the meadows. At the spring, about 75 yards west of the 
house, a boring strikes the clay under 12 feet of top dirt They 
have gone into this bed about 11 feet, not reaching the bottom. 
This clay is light drab colored and quite sandy. A partial an- 
alysis of carefully selected borings and taken as representative of 
the bed penetrated, gave : 

Sand and silicic acid 77.90 

Alumina and tilanic acid 15.60 

Oxide of iron 1.00 

PotaHh 0.25 

Water 5.20 

ToUl 99.95 
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This analysis shows the sand as probably about half of tlio 
mass, by weight. The titanic acid, which is weighed witli tlie 
alumina, may be less than one per cent., leaving nearly fifteen 
per cent, of alumina. The small amount of potash and the gen- 
eral apperance of the clay, show a close resemblance to tl)at of 
Dixon's pits at Woodbridge. The line of strike of this forma- 
tion connects the two localities and the heights correspond 
closely. These facts of similarity in character and position seem 
to prove that these belong in one bed, and this clay is here placed 
in the Raritan fire clay bed. 

Recently a pit was dug 100 yards northwest of the spring. 
The top dirt here is yellow sand and gravel, and about 5 feet 
thick. The bed of clay is 15 feet thick. Its height, ascertained 
by reference to the contour lines of the surface, is (top) 40 feet 
above tide level. The general section, No. 19, shows its elevation 
and relation to other clays. Both its character and its height 
indicate its place in the Raritan fire clay bed. 

The top spit of the clay dug in this pit is white streaked a little 
with yellow, oxide of iron probably. It is sandy, but the sand 
is very fine-grained. 

The clay, 6 feet from the top of the bed, is of a light drab color, 
and without any streaks of yellow or red. It feels quite gritty 
to the touch. A complete analysis of this sliows its composition 
to be as follows : 

ANALYSIS. 

Alumina ilo.-l") 

Silicic acid l!!».l I 

Water (combined) '").S7 

Silicic acid (sand) 4U.4H 

Titanic acid \a]\ 

Potash 0.17 

Soda O.is 

Lime ti;i ^ > 

Magnesia (i..',i 

Sesqui-oxide of iron 1 Jl 

Water (moisture) 






Total 1»V>: 
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The clay from the bottom of this pit is a shade darker in color, 
but otherwise much like that above described. 

At the bottom, and under the clay bed, there was sand. On 
account of the water in this bed the auger could not be got more 
than 2 feet down into it. And, consequently, the Raritan potters' 
clay stratum was not reached. 

Sand Field Pits, — On the same property, and in what is known 
as the " sand field," from fire sand occurring in its surface, and 
southwest of the house, about a quarter of a mile, two pits have 
been dug. One of these, a few rods west of the meadow lane, 
passed through the following la^'ers : 

(1) Sand, coarse, and, in part, a fire Rand 7 feet 

(2) "Hard pan" of sand, cemented by oxide of iron Ifoot 

(3) Oky 8 feet* 

(4) Clay and lignite 2 feet 

(5) "Hard pan" layer (cemented sand) 1} feet 

(6) Clay 4-4ifeet 

■ 

The pit was stopped in this latter bed of clay. 

The upper clay (3) of this pit is w^hite, or light drab-colored, 
and sandy. It resembles closely the clays of the pit above de- 
scribed, excepting that these contain more yellow streaks. 

This is an interesting section, as it presents both of the Rari- 
tan beds and gives the distance between them ; and it is the 
only place where both have been seen in one vertical section — 
or one above the other. The clay and lignite must be the equiva- 
lent of that seen on the top of the white clay at Edgar's station 
and at Carman's pits. 

Some of the clay from the top of this pit has been tried for 
stoneware, but it did not fuse. It is a fire clay, and not adapted 
to making ware. The lower clay was said to be like that of 
Daily's pits, and without grit. It belongs to the Raritan potters 
clay bed. 

A pit was recently dug in this sand field, east of the above 
mentioned one and near the lane. Here sand was found at the 
top 3 feet thick, then earthy and sandy clay. The specimens 
from this pit, from Mr. Ellison, are a little more sandy than those 
of the western pit, and the top clay is streaked reddish. Those 
from 3 and 6 feet down, respectively, are less sandy, of light drab 
color, and streaked red and yellow. 



168 MIDDLESEX COUNTY CLAY DISTRICT. 

Southeast of the farmhouse a little digging has been done and 
a white clay obtained. These pits are in lower ground than the 
sand field, the surface being about 20 feet above tide level. The 
top clay got here is a faint buff color, with yellow streaks through 
it. That lower down in the bed is bluish-white and of faintlv 
mottled shades of white and greenish-white. It has a laminated 
structure, and is not so homogenous as the clays of the other |)its 
on this property. Its place is certainly in the lower Karitan 
bed. For its location on the general section, see No. 20. 

Up to date the diggings and openings on this property have 
been of an exploring character, and no considerable amount of elay 
has been sold. Some of this lower clay has been tried for ware, 
and is said to answer for such use. It is also thought to be suit- 
able for alum making. One drawback of this bed is its want of 
uniformity in quality ; hence there is constant need of careful 
sorting. The fire clay bed is much more promising, botli in its 
extent and character. 

A tramway about a half a mile in length is now beinc: eon- 
structed to the river for the transportation of these elays to a 
dock on the river front. This necessary work must lead to the 
development of the property. 

CHARLES M. DALLY's PITS. 

These pits are near the salt meadow, southwest of Ellison's, 
and 1^ miles southeast of Piscataway, in Raritan township. The 
first opening for clay on this property was made in 1S7<> and 
1871 by Edgar Brothers. One of the pits then dug was about 
300 yards northwest of the farmhouse and near the wood-. Tlie 
ground here is between 20 and 30 feet high, and the clay is cov- 
ered by several feet of sand and gravel. That which was sciu on 
the bank is partly white and partly mottled. Some of the latter 
looks as if it had been tinged by red-sliale, or had been derived 
from the wash of that rock. It is said to vitrify in the fire, 
fusing to a mass of very pretty siiadc of color. Nothing as to 
the value or uses of what was dug here was liarned. 

In the pits southwest of the farmhouse and at the border of 
the meadow, there is an average thickness of \0 feet «>f yt-llow- 
ish-white sand and sandy gravel in thin ]ay( rs. The suihn-c of 
the clay is quite uneven, varying from <*» to li] feet lulow the 
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level of high water. It may have an average thickness of 9 feet. 
In one pit it exceeded 11 feet. The upper three spits (equivalent 
to 2J feet) is bluish-white, very tough, and contains a little 
pyrite in small crystalline masses. On exposure to the air it is 
soon coated by a yellow efflorescence. This clay is said to be 
fusible at a moderately high temperature. Below this the clay 
is free from pyrite and almost without gritty matter. This is 
said to be quite refractory, and to burn tight and close. A par- 
tial analysis of it gave 1.71 per cent, of potash, which indicates 
fusibility at a high temperature. By judicious mixture it might 
be used as a fire clay. The seventh and eighth spits down are 
mottled with bluish and pinkish streaks, and the clay seems to 
be a mixture, in very thin layers, of a blue clay and a very fine 
reddish earth, which latter is probably detrital or silted matter 
from the wash of red-shale. This mixture melts in the fire. In 
the bottom of the pit the clay has a very plainly laminated 
structure, and is more solid. Under this there is a flaky clay, out 
of which the water flows very freely, and the digging stops when it 
is reached. Mr. Dally says that in the low ground east of these 
pits he has bored and found the clay from 9 to 18 feet befneath 
the surface, or 5 to 12 feet below high water level. About 350 
yards east of the above described pits, a single pit was dug in 
1874, and the clay was found 14 feet thick, under 11 feet of top 
dirt. 

Some of the clay on this property could be improved in char- 
acter by washing, and so made valuable for some uses ; and for 
this purpose there is a good stream near the pits and the flat tide 
meadows, convenient for settling vats. But the position of the 
bed — wholly under tide level — necessitates the raising of all the 
water from the pits, and this adds considerably to the cost of ex- 
traction. The nearness to the Raritan river, and the short dis- 
tance to reach transportation by vessels, may counterbalance this 
drawback from water. The outlay necessary for working such a 
locality, and the slow market for such grades of clay, have pre- 
vented the development of the property. 

This is one of the interesting localities in this part of the clay 
district. The mixed reddish earth and clay near the bottom of 
the pits belongs evidently to the lowest and first layers of this 
plastic clay formation, the Raritan potters' clay bed, deposited 
upon the shale. Its structure and composition indicate an alter- 
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nate mingling of currents, carrying the blue clay and those flow- 
ing from red-shale areas, charged with shaly materials, as if it 
were a border region, where for a time neither prevailed, and 
consequently in the resulting quiet and slow shifting of materials, 
there was the deposition of the more or less mixed sediments. 
The old shore line must have been near this southeast boundarv 
of the present red-shale outcrop, and this shale may have been 
the land whose drainage thus mingled with the muddy currents 
of the water wherein the clay was deposited. 

GLAT WEST OF FBEEICAK's DOCK ROAD. 

Near this road and west of Charles M. Daily's place, some white 
clay was formerly dug by Nelson Martin. As the pits are caved 
in, and none of the clay is seen, nothing of its character or extent. 
is known to the survey. According to tlie map, this wet ground 
along the brook from this point, both eastward and westward, is 
of the elevation indicating the existence of the Raritan beds at 
workable depths. White clay is said to have been found on the 
lands of Morby <fe Brown, southwest of the old pits of Martin 
West of this property and east of Mill brook and hike, a white clay 
crops out in the upland bank, bordering tlie tide mea<l()ws, on 
John Van Horn's farm. In digging his well it was found 1> feet 
beneath the surface, and the bed was 13 feet tliick. Borings re- 
ported on the same property passed through rich clays. All of 
these localities are within the limits of the Raritan beds. Tlie 
important question is as to their quality. Further exploration 
will, doubtless, find workable amounts of good clay and other 
localities along this shore — westward to Martin's dock. 



w. N. weidner's clay pits. 



These pits are near Silver lake, a half a mile soutli of Piscata 
way, and about a quarter of a mile northeast of >hirtin's Docl 
on the Raritan river. 

The locality was opened about eight years ago bv (\ S. Edgr 
It is one of the most interesting in lliis district, nn account i)f 
relations to the red-shale, and the ovci-lyinj: and in wcr l>eds 
modified and true drift. The accoinpanying srrtion. riinni 
from the pits southward, through a ciit, for a i>n«tK>s«'d railv 
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to the tidnl meadows, represents t'he geological features of the 
place. 



^ 



At the south end of the cut the red-shale is seen, dipping 
towards the northwest. Following this there is a red-shale drift, 
which, in the cut about midway, is 8 feet thick. In this the shale 
predominates, both in an earthy form, as a matrix, and in irreg- 
olarly shaped and slightly rounded fragments and masses, of all 
sizes — up to blocks two feet in diameter, mixed with boulders of 
trap and other rocka, and sand and gravel. This is a true drift, 
and shows no stratification. The overlying bed of yellow sand 
and gravel has a maximum thickness of 12 feet. It is plainly 
marked by lines of sorting, and these lines dip gently towards 
the northwest. In some portions of it, a beach structure is plain 
in the lamination of its layers. . Red-shale is seen in this drift 
also, but only sparingly, and nearly all of it is confined to a single 
very thin layer, which is interstratified with tbe gravel and sand. 
Many fossiliferous pebbles occur in this upper gravel and sand 
drift Both of these drift beds lie above the clay. The relations 
and ages of these are discussed in the chapter on the Geology of 
the Surface. (See page 30.) 

The clay, as it has been uncovered, has been very uneven, but 
the average elevation above tide water may be put at 45 feet. 
This appears a little low for the Raritan bed, when compared 
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with the other localities where it has been opened and measure* 
and as illustrated by the general section No. 5. 

The greatest thickness of clay observed here was reported 1 
be 18 feet. Towards the bottom there are streaks of vellowis 
earth in it. And underneath it a greenish grey shaly rock 
struck. This is probably in place. Most of the clay dug in tli 
pit is very white, although there is some of a bluish shade. 
little copperas is detected in some of it. Selected lots are r 
markably clean and free from sand, and very white. And th 
does not change color on long exposure. Its tenacity is not '< 
great as that of the Woodbridge clays. It also appears to be le: 
plastic. The fracture is not so clean and sharp as in the fii 
clays. Its density is less than that of the latter, being 1 .52.s-l.54 
An analysis of a sample, taken as the average of several toi 
of this sorted white clay, shows its composition to be as follows 

Alumina .•>1).04 

Silicic acid 4o.r»l 

Water (combined) 10.90 

■ 95. 

Sand... 0.71 

o; 

Oxide of iron.. 1.10 

Magnesia 

Lime 

Potaah 2.i!f> 

Soda ^K'lr) 

Titanic acid 



•> 



Total 99. 

In this analysis the titanic acid is weighed with and include 
in the alumina. The magnesia and lime were not (K-t(»rniine 
They do not probably amount together to one |»er cent. The titan 
acid may be a little over one per cent. From tlu?^(^ liuuir- it wi 
be observed that this clay is remarkal)ly fri'i' iVom >an(l. Tl 
potash is large, comparatively, and niakcs it unfit for any rciVa 
tory purposes. It is said to fuse readily. It nuiy do iVtr elazir 
paper, or for certain kinds of ware, it^ the <juality mn I'c ^« 
uniform through enough of it to ])ay for working-. 11 ic bli 
clay here is more sandy. A few yards we>t o\' the [»i!s. un tl 
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road to the dock, the red-shale crops out on a level with the out- 
crop of the same rock at the south end of the cut, giving to the 
clay mass the appearance of being a pocket lying in this red-shale 
basin. 

Extensive preparation was made here in cutting through the 
ridge and building a causeway on the meadows to the dock on the 
river, for the removal of the clay to vessels at this dock, but 
nothing has been done since 1874. The locality has the advan- 
tage of easy and eflScient drainage and of short transportation to 
boats on the river. The want of uniformity in quality through- 
out large masses may offset these advantages of location. 

oonway'b clay. 

A short distance west of Weidener's pits, and on the west side of 
the Silver lake outlet, two or three small pits were dug some 
years ago, on the Conway farm, by George Phoenix. The clay 
was found quite near the surface of the sloping field. That seen 
in the old heaps left by the pits, has a pinkish shade of color. 
But nothing further of its occurrence or character is known. 
From its elevation and location there can be no doubt of its 
place in the Raritan bed. It may be remarked of it that it is 
the most westerly outcrop of this bed on the north side of the 
Raritan river. The general section shows this clay at No. 4. 
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SECTION II. 
2. LOCAL DETAILS OF BEDS SOUTH OF THE RARITAN. 

The order of the descriptions in this section is geograpliical, 
and proceeds from west to east, beginning near Lawrence brook, 
first the pits and outcrops along the South river; next, those 
along the Raritan slope, Sayreville and Burt's creek to South 
Amboy; then the pits south and southwest of South Anil>oy to 
the southern limit of the district. This arrangement corresi)onds 
in general with the geological succession of the more important 
beds, in putting the stoneware clays at the end, followin^^ the 
South Amboy fire clay bed and the most of the outcroi>< n\' tlie 
latter after those of the Woodbridge and the Raritaii beds. 
There are, however, exceptions which can be seen by a retVrence 
to the map. 

DEVLIN FARM. 

This property lies south of Lawrence brook and west of tlie 
Island farm, between that and the Old Bridge turn[>ike. The 
pits dug to test the ground, are near the meadows, on the eastern 
side of the tract. The surface is about 20 feet al)Ovo tide level 
at the pits. Some bluish white clay was got in a bed <> or 7 feet 
thick, under which there was a red clay. The top of the bod was 
about 12 feet above high water level. 

Southwest of these pits C. S. Edgar reports borings in a sandy 
blue clay near the surface of a hill, the highest point of whieh is 
70 feet above tide level. This latter would ajipear to l)r (^f a 
higher and different bed, perhaps the Woodln'idge lire clay brd. 
That of the pits in the lower ground, is rcfvrrod to the Uni'itaii 
potters' clay. (See general section No. iMj 

ISLAND FAKM. 

On this tract the red-shale outcrops jirc -* ( n nn the n<»rth and 
northwest, in the low, upland banks, bordering tlir tid*' marsh. 
They are covered by a thin deposit of ydlnwi-h sand^- Inam. ( )ii 
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the central and highest part of the island the- sand and gravel 
drift was found quite thick in the several trial pits dug by the 
Pennsylvania Railroad Company, in. search for gravel. In two 
of these, white clay is said to have been found at the bottom, 
under about 15 feet of the drift sand and gravel. On the eastern 
side of the island a large amount of fire sand has been taken 
from the bank of Whitehead Brothers. At this place the yellow 
sand and gravel is 1 to 8 feet thick. Under this there is a layer 
2 to 3 feet thick, consisting of alternating laminae 'of sandy clay 
and fine grained, angular, quartz gravel. If these materials were 
mixed and not thus sorted, the mass would be a, feldspar. This 
layer is quite hard and compact, capping, as it were, the sand 
below. This latter extends down nearly to the level of tide water, 
and is about 20 feet thick. The sand is nearly all quartz, 
moderately fine grained and yellowish white. A very little clay 
is mixed with it in some of the thinner layers. In digging no 
attempt was ever made to sort the different grades of sand. It 
was carted to the dock on the river and there loaded on vessels. 
North of the fire sand bank a few rods, white clay has been 
uncovered in two small pits, dug in the lower ground near the 
marsh border. In these the bearing on the clay was only a few feet 
thick. The clay was at the level of tide, and in these trial pits 
was not more than 6 feet thick. Towards the bottom there were 
ferruginous stains in it. A sample of the best found in this dig- 
ging was analyzed. The analysis shows the following compo- 
nents : 

Alamina 34.85 

Silicic acid 45.20 

Water (combined) 13.60 

93.66 

Silica (qnartz Rand) 0.50 

Titanic acid 1.40 

1.90 

Potash 0.12 

Soda trace 

Lime... 0.25 

Magnesia trace 

Sesqai-ozide of iron 1.35 

Water (moisture) 2.80 

4.52 

ToUl.... 100.07 
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These figures show that this is a very pure clay. The per- 
centage of alkalies and alkaline earths is unusually small. The 
oxide of iron is above the average of the best of the fire clays of 
this district. The ratio of silicic acid to the alumina is ditTereut 
from that of the best clays. The alumina in this is relatively 
smaller and the silicic acid larger than in most fire clays. 

Too much stress must not be put upon this analysis, inasmuch 
as this small pit was the first one dug, and this single sj^ecimen 
may not be an average or representative of the bed here opened. 
Its elevation corresponds with the horizon of the Raritan clay 
bed, as is shown by the general section. (See No. 32.) In com- 
position it does not agree with the analyses of other si)ecimens 
from this bed ; but this is not sufficient of itself to offset the argu- 
ment from elevation. The potters clay layer is characterized by 
its want of uniformity in physical properties, and by its varia- 
tion in character in its different parts, so that this unusually 
pure clay may belong in it, being of limited extent and of little 
practical value. The position of the fire sand of this tract ap- 
pears on the general section at No. 37. 

w. 8. petit's clay bank. 

This bank is near the South river, and a half a mile north of 
Washington. It is worked for the supply of tlie red brick yard 
near it, and on the river. The following is the order of the sev- 
eral beds seen in the bank, and in the face of the hill above it, 
on the road leading west to the Old Bridge tunij^ke : 

(1) Reddish gravel and sand 10 fofci 

(2) Lighl-colored, Bandy clay, wi til layers of sand J'HVct 

(3) Clay and sand, alternating *i«» fed 

(4) Cemented sand (stone) o-o ftet 

(5) Black clay "» feci 

(6) Laminated sand and sandy clays containing Hi:;nit(', at the l>ottoin 

This level, or working floor of the bank, is IS foot ahovf hi<^h 
water. Of the above-mentioned sub-divisions oiilv.**, 1 and .*> are 
excavated, and of these No. 4 is thrown aside. The blark clav 
(No. 5) is very tough and solid, and is the I'c^t ni the i>ank. It 
contains a very little lignite and pyiito. Mr. iNlit <\\v^ a small 
pit in the bottom level, and found a li^lil-colorLMl, .--andy clay, 
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which burned hard and appeared to be quite refractory — like a 
second quality fire clay. 

Northwest of the main bank there is an excavation for white 
sand, which is used in moulding. This lies below the level of 
the main bank, not more than 10 feet above high tide. Just over 
it there crops out a dirty white, sandy clay. This may be the 
equivalent of the Woodbridge fire clay bed. Below the level of 
this sand, in the ditches northeast of the bank, there is sandy', 
black clay, which goes down to tide level. 

The pits across the road, and south of the main bank, furnish 
a light-colored clay, which burns to a paler shade. The bluish 
and the black clays of the main bank make a deep-colored, red 
brick. 

The position of these clays, with reference to the fire clays, is 
shown on the general section (No. 60.) This shows the clay at 
the bottom to be- at the height of the Woodbridge fire clay bed. 
Hence, from its character and its elevation, it may be regarded 
as a part of that clay bed. Nothing definite is known of its 
thickness, or of its character, beyond what has been learned from 
the surface specimens. 

The clays worked in these banks all belong in the laminated 
clay and sand bed — the source of nearly all of our best red-brick 
clays dug in the State. 

In the old bank south of the kilns a black, pyritiferous and 
lignitic clay is seen. 

CLAY BANK OF NEWARK COMPANY. 

This is at the side of the New Brunswick road, close to and 
northwest of the village of Washington. The excavation has 
been confined within the 10 and 30 feet contour lines above tide 
level, corresponding to the heights at Petit's bank, and the clays 
dug here are geologically the same as those at the latter place. 
It will be observed that the line of strike runs through this open- 
ing and the brick clay bank of Say re & Fisher, at Sayreville, 
and this shows them to belong to the same bed — the laminated 
clay and sand. This bank has not been much worked in several 
years past. 

Northwest of this bank kaolin and a clayey sand crop out in the 
hill on the New Brunswick road. The top of this outcrop is 85 
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to 90 feet above high water mark. This height is the same as 
that of the kaolin, which is worked on the Whitehead estate, 
southwest of the village of Washington, but it is one third of a 
mile northwest of that locality and does not, therefore, sliow any 
dip in the bed. It corresponds more with the elevations of the 
bed, as opened north of the Raritan and shows the Whitehead 
bank to be exceptionally high. This outcrop is placed ou the 
general section as No. 63}. 

KAOLnff, WHITEHEAD ESTATE, WASHINOTOX. 

This kaolin bank is in the village of Washington, at the side 
of the Hardenburg Corners road, near the top of the hill. It 
is covered by a reddish, sandy gravel, which is thicker west- 
ward in the higher ground near the top of the hill. In the 
excavation for road material this gravel appears in layers of 
irregular extent and thickness with thicker strata of coarse 
sand. The kaolin {surface) has an elevation of 82 feet above 
mean high water level and the workable bed is on an average 
feet thick. Under it there is a fine white sand and then the 
black clay of the brick clay bank. This kaolin is very whita 
and rather coarse-grained, and it contains more white mica than 
is commonly found in the kaoliihs of other localities in this dij=- 
trict. It is not regarded as a first class article. According to a 
partial analysis it has of 

Alumina and sesqui-oxide of iron 7.80 \>vt niii. 

Silicic acid and sand S\}AO jht cviu. 

Water 2,00 pvr oent. 

Total (determined) VMi.so ]K'r cein. 

As the stripping is light and the drainage easy and natural 
this bank is cheaply worked. 

BRICK CLAY BAXK OF WILLI: IT .V VATKS, 

This is almost connected witli the alxtvc descrilxM] bif>Ihi hank, 
being afew rods east-southeast of tliu hitter. in th«' vilhiiieot' Wasli- 
ington. The strata between the top of lliis l.)ank (o<j \vi^{ eleva- 
tion) and the bottom of the kaolin (7'*> tc«'ti are not R-en, except- 
ing in the gentle slope of hill an.d as lo tlu-e tlieif is some iin- 
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certainty. The several sub-divisions of the bank and their 
relations to the kaolin are expressed in the following order, 
beginning at the top of the hill, at the gravel pit: 

(1) Reddish nand and gravel 10-15 feet 

(2) Kaolin (workable bed) 6 feet 

(3) Black clay with layers of sand (partially obscured) 35 feet 

(4) Yellow, loamy clay IJ feet 

(5) Black, pyritiferous clay 6 feet 

(6) Blaish clayey kaolin 4 feet 

(7) Slate-colored clay 5 feet 

(8) Clay full of pyrite IJ feet 

(9) Bluish kaolin 1 foot 

Blue clay at the bottom of the digging, which is 22 feet above 
the level of high water. No. 3 occupies the interval between the 
kaolin near the top of the hill and the top of the working face of 
the clay bank. In No. 8 there is very much of both lignite and 
pyrite, and it is sometimes. called pyrites clay. Layers 6 and 9 
are sands, which are known in the bank as kaolins. They are 
mixed with the clays for brick. The slate-colored clay (7) is 
very tenacious and burns hard, and is quite refractory. It is free 
from pyrite and it is considered the best clay of the bank. The 
working face of the bank stops at the bottom of this, although 
in the drains and in the eastern part of the bank, nearer the 
yards, lower clays have been dug. The several clays and sands 
are mixed together in using them for the brick. 

The clays and sands of this bank belong to the laminated clay 
and sand bed. The height of the kaolin in the top of the hill, 
west of the bank, is shown on the general section (No. 81) to be 
20 feet above the horizon of that bed. The Jeld^^par is wanting 
here unless it is to be found in the intervening 35 feet under the 
kaolin, that is, in No. 3 of the above section. It is probable that 
it is here replaced by sand, and also that the greater height of 
the several beds here is owing to a flattening of the strata and a 
gentler dip, which would account for these apparent exceptions. 
And if this be so, the Woodbridge fire clay bed should be found 
higher and somewhere near tide level. Or, it is possible, that 
the intervening beds between the fire clay and the kaolin have a 
greater aggregate thickness here than eastward and the former 
is at the horizon which the section indicates, viz., about 25 feet 
below high tide level. 
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JAMES BISSETT'S CLAY BAKK. 

This is on the west bank of the South river, one niile southeast 
of Washington. There is here at the top, yellow sand and gravel 
8 feet thick, then a greyish clay 1 foot thick, then a kaolin-like 
sand, which is about 8 fact thick. Then comes the black clay, 
thick layers of which alternate with very thin seams of white 
sand and sandy clay. One of these thick layers of clay is 
traversed by planes of bedding and joints, which divide it into 
large brick-like massess. This curious structure facilitates its 
extraction and handling. This is a very solid, tenacious clay 
and has a specific gravity of 1.778 — 1.812. It is a very superior 
brick clay. The top of the black clay outcrop is at the height of 
22 feet above high tide level, and the bottom of the diggings 10 
feet above the same datum plane. At the bottom the clay is 
more sandy. This burns very red. The materials of the several 
layers are generally mixed together and all put into common 
red brick. At the top there is, over the black clay and the kaolin^ 
a greyish streak of clayey dandy which is said to be hard to burn. 
This may be the bottom of the South Amboy fire clay bed and 
the kaolin under it, that bed being here in place. The general 
section, No. 108, exhibits this bank as partly in the horizon of 
this fire clay bed. The flattening of the whole formation on 
this side of the South river, or going southeast will also explain 
the apparent discrepancy in the section. Such a flattening 
would elevate the fire clay bed here and so place this brick clay 
under it, where it most probably belongs. 

Neither the top clay nor the kaolin^ above mentioned as over 
the black clay, are used. Mr. Bissett reports finding a whitish 
clay in a pit and boring about 100 yards west of his residence, at 
a depth of 22 feet beneath the surface. This was in ground 40 
feet high, and this clay was therefore nearly 20 feet above high 
water level. 



A. J. DISBROW'S CLAY. 



From fifteen to eighteen years ago about 3,000 tons of potters' 
clay were dug near Old Bridge, in the side of Snake Hill, and at 
the level of tide, by A. J. Disbrow. As worked, the bed \va> 
eight feet thick, and was underlaid by sand. Over it there wa< 
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about 25 feet of top dirt. The clay was greyish slate-colored. A 
specimen obtained at time of visit, from the outcrop near the 
river, is white, solid and sandy, but the sand in it is very fine- 
grained. An analysis of this specimen gave the following per- 
centages : 

ANALYSIS. 

Alamina 19.S5 

Silicic add. 24.55 

Water (combined) 5.70 

50.10 

Sand (quarti) - 44.80 

XiUmicacid 1.00 

45.80 

Potash 1.90 

Soda 0.32 

Sesqiii-ozide of iron 1.00 

Water (moisture) 0.90 

4.12 

Total 100.02 

These figures indicate a composition suitable for pottery, cor- 
responding as they do quite closely with the stoneware clays of 
this district. This outcrop from its elevation appears too low for 
the stoneware clay, unless there is a curve in the line of strike of 
that bed, which is not sustained bv anv other fact. Hence it 
seems more reasonable to consider this clay as a part of the South 
Araboy fire clay bed, although in composition and character it is 
allied to the stoneware clays. It will be observed that this out- 
crop is very nearly on the line of strike with that dug on the 
shore at South Amboy, and they are much alike. This similarity 
in position and character may indicate one bed, of which these 
are the only outcrops thus far discovered ; and it may be a dis- 
tinct bed intermediate to the South Amboy and the stoneware 
clay beds. Additional localities are necessary to settle these 
points. Knowing the horizon at which this is to be found, it 
may be desirable for landowners and clay miners to look care- 
fully after it, since this question has a practical as well as purely 
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geological interest. The South Amboy clay and this outcrop 
are to be seen on the general section, Nos. 114 and 115. 

Higher up in the side of this (Snake) hill and 50 feet above the 
level of the tide water, there is another layer of light-colored, 
sandy clay. It has not been worked, and none of it has been 
examined. 

Northwest of this and nearer the New Brunswick road, on the 
same property, clay has been dug in two small openings at in- 
tervals during the past 40 years. These pits are about 100 feet 
above tide level. The clay has been used in making drain pipe. 
Specimens from near the surface of the ground are drab-colored, 
sandy and streaked with yellow earth. The same clay has been 
struck, as is supposed, in several wells on the high ground in this 
neighborhood. Its geological place is not plain, unless it be of 
the drift. 

The potters' clay bed, at the river level, is seen up the stream 
in the bank in the villageof Old Bridge. There it is 2 feet thick. 
Mr. Disbrow thinks it can be traced to the southwest as far as 
Outcalt's mills, above Spotswood. These outcrops in the low and 
flat valley of South river may also be of drift or even of alluvial 
origin. 

BRICK CLAYS EAST OP SOUTH RIVER— WASHINGTON. 

The laminated clay and sand bed is worked for brick clay in 
the pits of Service & Tuttle, north of the Amboy road, in those of 
Peter Fisher, just south of the same, and in II. F. Worthing- 
ton's, still further south. Those at the side of the road go down 
a few feet below tide level, and their working necessitates the 
pumping of the water. The clay of these pits is all dark-colored 
and very tough, and it makes strong and good building brick. 



H. F. WORTHINGTON'S BRICK CLAY. 



At the northernmost pits of Worthington, the bottom of the 
excavation is about 10 feet below tide level or high water mark. 
At the southern end of the opening the bottom of the dit]:ging is 
about at tide level. Here the clay runs up to the top of the 
ground, so that there is no waste material to be removed. The 
thickness worked is about 15 feet. At the botton there is a sandy, 
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laminated bed, and over it a tough, bluish-black clay layer. The 
layers are all mixed together for the brick. 

A short distance northwest of the pits and near the yard, a well 
65 or 68 feet deep was dug about eight years ago. This went 
through. It was six feet in diameter for a depth of about 30 
feet, and wsts then bored 32 feet, in six holes each 2| inches in 
diameter. From one of them water rose in abundance, and 
filled the well quite up to the overflow drain. Mr. Wortliington 
in a recent letter says : "In descending the first four or five feet 
we passed through impure surface clay, known by brickmakers 
as yellow-white, and containing large quantities of sulphuret of 
iron. From that on we passed through nothing but blue clay, 
which, however, grew gradually darker in color as we descended, 
until at last the clay was, when damp, almost jet black. We 
came to no sand, but at the depth of thirty-five feet we struck a 
clearly defined stratum of clay, which was almost white, and 
contained but very little sand. The contrast was very great be- 
tween this and the stratum immediatelv ov6r it." From the de- 
scription, it is safe to infer that this white clay belongs to the 
Woodbridge fire clay bed. And it is equally safe to conclude 
that the water comes from the underlying fire sand bed ; and, of 
course, that the bottom of the well represents the bottom of the 
Woodbridge bed at this place. According to the general section, 
the bottom of tlie Woodbridge bed at this place should be sixty- 
two feet below high water mark. The boring makes it a few feet 
less than this, but the difference is not greater than is frequently 
found in the inequalities of the bed ; and the result is a con- 
firmation of the regularity of the beds, and of the general accu- 
racy of the sections as previously deduced from the various sur- 
face workings. 

Another boring, made by the Lehigh Valley Railroad Company 
at their docks, at Perth Amboy, since the early part of this report 
was written, is so much like this in its confirmation of the geo- 
logical structure given in these pages, that a description of the 
latter is here given : 

1. The well started at 26 feet above tide, and juAt at the bottom of the kaolin bed ; 
there was 25 feet of surface muteriaU, 

2. The boring then pamed 36 feet of black clavi* and nandn, the various layers next 
over the Woodbridge bed. 

8u Then light-colored clay in the place of the Woodbridge bed for 25 feet. 
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4. Fine white Rand, representing the fire aitod, 11 feet. 

5. Thick layers of light-colored clays, representing the Baritan clay beds, 30 feet 
G. A thin stony layer, and red mud in which the auger sunk 17 feet 

The whole depth was 130 fe€t. Water should have been found 
in 4, but the sand is very fine and yielded none. 

Both of these wells are southeast of the outcrop and all the 
openings in the Woodbridge bed. They prove the extension of 
that bed under the higher and more recent beds of brick clay. 

BRICK CLAY. 

About a mile southeast of Washington, a red brick clay was 
formerly dug near the Van Deventer place and at the side of the 
Jacksonville road. The yard was on the meadows near the 
river. Nothing has been done at this place for several years. 
The pits were not of much extent, and the business was limited 
to a few years. The strata here are probably equivalent to the 
higher beds at the bank of Willett & Yates, or to the clays above 
their working bank and under the kaolin. 

FRBELAND VAN DEVENTER's CLAY. 

This property is one mile southeast of Washington, and on 
the east side of the South river. There is a red brick yard at 
the border of the tide meadows, and from it a canal to the river. 
Here Mr. Van Deventer made brick for several years. The clav 
was obtained fiom pits near the yaid. The works are now down. 

White fire clay has been found at several points on the tract. 
It lies within 2 feet of the surface, about 50 yards northwest of the 
farm house, on the Washington road. The clay here is sandy, 
and contains some quite angular grains of white (quartz, which 
give it the appearance of some of tl)e feldspars. The same bed is 
said to have been struck in a pit dug a few rods east of the house. 
It also appears close to the surface in the swampy ground north- 
east of the house. 

By reference to the map, it will be observed that the line of 
strike of the clay beds runs from George Such's banks, across this 
property, to the South river, and the general section shows the 
elevation of theSoutli Amboy fire clay bed, on this line. No. 1^7^, 
to be 30 feet. And this is about the height of the ground when' 
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the white clay has been di&covered. The map also indicates 
this as available clay land. The clay dug at the brick yard is 
lower than this white, fire clay, and belongs, most likely, close 
under the kaolin. 

m 

None of the fire clay of this tract has been tested. The diggings 
have been for exploration, and not for getting clay for use. 

BRICK CLAY BANK OF 8AYRE A FISHEB, 8AYREVILLE. 

This large bank affords a very fine section of the strata over- 
lying the Woodbridge fire clay bed, and extending upwards nearly 
to the horizon of the feldspar. The vertical section, from the top 
of the bank to the tide water in the river, shows the following 
strata: 



. 



(1) Laminated clay and sand layers, about 40 feet 

(2) Laminated sand, containing some leaf impressions 1^-5 feet 

(3) Drab-colored clay (for front brick) 4-10 feet 

(4) White sand 5 feet 

(5) Black, sandy bed, very full of lignite and containing some leaf impres- 

sions 6-7 feet 

(6) Sand (leaf bed) at low water mark 

The bearing on (I) is nothing more than the clayey soil — really 
a part of it changed by atmospheric agents and by cultivation. 

Towards the top of the bank the clay is somewhat faded, and 
of a greyish color. Pyrite and lignite occur throughout all the 
strata of the bank. No order is recognized in the succession of 
the layers of clay and sand, nor do they run in an unvarying 
thickness from one end of the bank to the other, but vary from 
point to point. 

Near the bottom of this thickness (1) there is a very tough and 
fat, black clay, about 4 feet thick. Then comes the sand (No. 2.) 

The sand (No. 2 of the above scheme) is of clean quartz, and 
beautifully laminated. 

No. 3 is a drab-colored clay, very persistent in all parts of the 
bank, and 4 to 10 feet thick. Its average elevation (top) above 
high water is 15 feet. It is very hard, compact and finely lami- 
nated, and splits on these lines into flat sheets and masses. Its 
specific gravity is 1.705-1.732. That of the more sandy, common 
brick clay of the bank is 1.8(30-1.882. Under a magnifying glass 
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of low power it appears quite full of very small plates of mica. 
Its composition is as follows : 

ANALYSIS. 

Alumina 27.42 

Silicic acid 28.30 

Water (combined) 6.60 

62.32 

Sand (quartz) 27.80 

Titanic acid 1.00 

28.80 

Potash 2.71 

Magne!«ia 0.18 

SeBqui-oxide of iron 2.68 

Water (moisture) 2.90 

8.47 

Total 99.59 

A very little lignite and occasional small nodules of pyrite are 
in it. On burning it becomes pale yellow to white, and it is 
used with excellent results in the manufacture of pressed front 
brick. 

Geologically this bed is considered the equivalent of the top 
white clay, seen in the banks on the north of the Raritan river, 
and the pipe clay of other banks. A very thin, stony layer of 
sand, cemented by oxide of iron, separates this from the sandy 
beds below. In the more clayey portion of this latter and a few 
feet above tide level there is a great deal of lignite in the form 
of twigs, limbs and trunks of trees, and leaf impressions are 
very abundant, frequently being so crowded together as to form 
a "leaf bed." For a fuller notice of the species found here see 
pages 27-29. Mr. Fisher says that under this sand and leaf bed, 
and a few feet below tide level he has found a white clay, which 
is sufficiently refractory to make a No. 2 fire brick. This latter bed 
of white clay was struck 25 to 30 feet beneath the surface, in a 
well dug near the office and store of the firm. These discoveries 
confirm the dip of the Woodbridge bed, as above stated, accord- 
ing to which it should be found here at a depth of 10 to 15 feet 
below high water level. 
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At the west end of the brick yards a driven well passed 
through sand only for over 60 feet from the level of high tide. 
This probably belongs to a more recent formation, which has 
filled up valleys and gaps in the clay series. Pits or borings at 
the east end of the bank, where the brick clays remain, would 
be likely to strike tlie lower members of the clay series, and the 
Woodbridge bed. The leaf bed and the sandy layer here resting 
upon the latter shows the correspondence in the order of the 
beds between this locality and the pits north of the Raritan. 
The space here between the front brick clay and the fire clay 
seems to be greater than that between the top white and the fire 
clay in the Raritan river banks. 

The relation of the strata as seen in the bank of Sayre & Fisher 
to the plastic clay formation is graphically presented on the gen- 
eral section, No. 70. 

The whole of the thick bed of clay from the surface to the 
front brick clay layer is tumbled down by partial undermining 
and is mixed together. The bank has a working face over a 
quarter of a mile long, and a very large amount of clay is dug 
every year.* Cars running on narrow gauge railways carry the 
clay to the yards. 

wood's clay bank. 

Less than a quarter of a mile east of the bank of Sayre & 
Fisher, James Wood digs a similar clay for his red brick yard. 
The strata are like those above described, and are their eastward 
extension. The general section, No. 80, gives the location of this 
bank. The digging does not go down quite so deep, the bottom 
being about 10 feet above tide level, but as the bank is further to 
the southeast the dip of the strata compensates for this less 
depth, and the same brick clay is obtained as in Sayre & Fisher's 
bank. As the bank is not so high — about 20 feet at the back — 
there is a less thickness, worked. Mr. Wood uses his clay in his 
yards, adjoining those of Sayre & Fisher on the east. Here, as 
in the latter, the light amount of waste material to be removed, 
the natural drainage, the location upon navigable waters and the 
nearness to the banks, all favor these manufacturers. 

* Th« annual product of the yards of Sayre <ftF1»hcr is reported to be SS.OOO.QO^ bricks, to maka 
wblcb would take at least 50,000 tons of raw material. 
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The dark-colored brick clav has been found 15 feet beneath the 
surface on the line of Sayre & Fisher's railway, about half way 
between the brick clay bank and the fire clay pits; and Mr. 
Higbee (of Sayre & Fisher) reports finding it 60 feet under their 
fire play. These occurrences at such depths would be in entire 
agreement with the structure' of this country, as indicated by the 
general descriptions and the map, and the reader is referred to 
them for further details. 

• 
FIRE CLAY BANKS OF 8AYBE A FISHER. 

Fire clay has been dug at several points on the large tract be- 
longing to this firm. The banks formerly worked are between a 
quarter and a third of a mile northeast of the one now occu- 
pied, and they are all north of the Washington and South Am- 
boy road. At the latter there is much variation in the stratifi- 
cation, but the following order is generally observed ; 

(1) Gravelly earth and foam 3-4 feet 

(2) Sand with earthy layers 18-20 feet 

(3) White fire clay 1-4 feet 

(4) Blue fire clay 4-9 feet 

(5) Sandy fire clay 2-3 feet 

(6) Clayey ^ao/m, containing pyrite o feet 

(7) Fine kaolin 6 feet 

The gravelly earth at the top evidently is a part of the drift 
which covers most of this country. 

The sand over the clay is beautifully laminated, and the thin, 
gently undulating layers have a slight dip towards the south- 
east, although in places they are horizontal. Through it there 
aie some thin loamy layers, in which the sand is mixed with a 
yellow earth. Towards the bottom, and near the clay surface, 
the sand is very clean, sharp and fine-grained, resembling glass 
sand. Under the microscope it appears to be nearly all white, 
translucent quartz of uniform grain, about 1-100 inch in diame- 
ter ; no mica in it. As it has to be removed in mining the clay, 
and can be carried cheaply to the river, it can be sold at a low 
rate if wanted for any such uses. At present all the top dirt is 
tumbled down together, and is used in tempering the clay ior 
the yards at Sayreville. A railway connects these with this bank. 
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The fire clay is here exceedingly uneven, and sometimes there 
is as much as 15 feet difference in the heights of the surface in a 
horizontal distance of 30 feet. The mean elevation above the 
datum plane (high water level) is 65 feet. This is the top of the 
bed. As lately worked, the highest point has been near the mid- 
dle of the bank, and from this its surface has descended east and 
west In places there is a thickness of several feet of white 
clayey kaolin, or a very sandy clay, between the top drift sand 
and the fire clay bed. The white fire clay at the top is probably 
blue clay which has faded, or has been altered by the oxidation 
of the slight amount of protoxide of iron in it. Sometimes a 
little lignite is seen in this, just over the blue clay. Towards the 
bottom of the bed the fire clay becomes more sandy, and grades 
into what is termed here a " clay kaolin" The best of the fire 
clay of the bank — ^the blue — is a homogenous, compact mass, 
having a specific gravity of 1.657 — 1.705. Its fracture is de- 
cidedly conchoidal. It does not fade or become discolored on 
exposure to the air. An analysis shows its composition to be as 
follows: 

AI7ALY8IB. 

Alnmina 38.66 

Silicic acid 41.10 

Water (combined) 13.55 

93.31 

Sand 3.10 

Titanic acid 1.20 

4.30 

Potaah 0.28 

Soda 0.18 

Lime 

Magnesia 

Sesqoi-oxide of iron 0.74 

Water (moisture) 1.00 

2.20 

Total (determined) 99.81 

The kaolin at the bottom (layer No. 7) is very fine grained, and 
contains a little white mica. The pits are generally stopped in 
this bed, as the water comes in quite freely, but borings have 
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gone through it and into a dark-colored sand, and then stopped 
in a dark-colored clay, probably the equivalent of some of the 
layers in the bank on the river. For the relative position of these 
strata, reference is made to No. 91 on the general section. 

All of the clays and the kaolin^ and also the top sand dug in 
this bank, are used by this firm in their own works on the Rari- 
tan. The kaolin is largely used in the mixture for front brick. 
The fire clays are carted to the fire brick works by team ; the 
sands and kaolin are sent to the brick yards by cars. 

The large tract of this firm has been explored by digging pits 
and boring, and much valuable fire clay has been discovered. Mr. 
Higbee reports such discoveries northeast of the bank now worked. 
On some of the higher points the covering seems to have been 
too thick for these pits or borings to reach the clay bed. A care- 
ful study of the contour lines of the surface together with height 
of this bed will show that these results are in accordance with 
the geological structure as above set forth. Future need will 
develop these available clay areas as they are wanted. A 
practical question of constant importance is the thickness of top 
to be removed. 

A half a mile southwest of this bank and near the Washington 
and South Amboy road, fire Clay was formerly dug. Its character 
and the thickness of the bed were not learned. .Its location is 
within the outcrop lines of the South Amboy bed, as is shown by 
the map. 

CLAY BANKS OF WHITEHEAD BROTHERS, SAYKEVILLE. 

These are a half mile from the Raritan, along the old road to 
Burt's creek. They extend a quarter of a mile from northwest 
to southeast, and on the line of the dip. And this extent of open- 
ings shows considerable variation in the character and arrange- 
ments of the several strata. The first digging was at tl)e south- 
east, in what is known as the Bolton pit. In this there was about 
16 feet of top dirt, and then the fire clay bed, 20 feet thick, havini; 
an elevation (top) of 70-72 feet and lying upon kaolin. The 
bank, as now worked, shows at the south end the following order 
of strata : 
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(1) Band (yellowiah white) in placen, including gome sandy clay layers 25-80 Teet 

(2) Yellow buff-colored clay i 

(3) Blue fire clay / ^"^^ "^' 

(4) Sand and haolin 8 feet 

There is^in places, a thin layer of reddish gravel at the surface, 
overlying the sand. 

In the northern part of this bank the strata appear in the fol- 
lowing order and thickness: 

(1) Reddiiih-yellow gravel ^ 

(2) Yellowifih white sand with streaks of clay / ^^*^ *^' 

(3) Sandy bed (called kaotin) 6 feet 

(4) Blue ^re clay 4 feet 

(6) Kaolin 4 feet 

(6) Black, pipe clay at the bottom. 

Both the gravel and the sand, which form the bearing on the 
clay bed, are very plainly marked, particularly in the middle of 
the bank. The reddish-yellow earth and gravel at the surface, 
make up together 5 to 8 feet, the gravel stratum being on an 
average 2 feet thick. 

The sand has an average thickness of about 25 feet. It is in 
nearly horizontal, gently undulating, thin layers, and is almost 
all clean, white quartz, excepting an occasional thin layer in 
which some yellow sandy earth is mixed with it. Some of it is 
sold to foundries and for building purposes, bringing $1.25 
a ton, on the boat. In the northwesternmost pits there is, between 
the sand and the clay, a sandy layer (No. 3), which is sold as a 
kaolin. In some of the -pits there is a thin stratum full of wood, 
on the clay. It has not yielded any leaf impressions. 

Both the top and the bottom of the fire clay bed are very un- 
even. The height of the top, northeast of the Burt's creek road, 
is 76 feet ; south of this, and west of the road, it is only 60 feet. 
The general section, Nos. 84 and 85, show these heights. 

Towards the northeast the top clay is generally bright red, and 
of two shades of this color, presenting a mottled apj)earance. A 
partial analysis showed as much as seven per cent, of peroxide 
of iron in it. This did not seem to be in combination, but simply 
as a foreign constituent, which gave color to the mass. Dilute 
hydrochloric acid dissolved it readily. Yellow and also a buff- 
colored clay occur at the top, in some of the more southern pits. 
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In a pit, at the extreme northwest, and which was dug quite re- 
cently, the following order was observed in the clay bed : Sandy 
white; blue; dirty yellow; blue; red and blue. These colors 
appear in irregular, thin bands running, in general, horizontally 
across the pit. All of these facts show the remarkable variation 
in the fire clay bed, as opened in the different parts of this bank. 
And in the alternations of color no order is discernible. Near 
the top of the blue clay there is, in some of the pits, much pyrite, 
occurring in irregularly rounded aggregations of crystals, which 
are popularly known as "sulphur balls." They are from two to 
five inches in diameter, and many of them are oxidized on the 
exterior to a reddish-yellow ochrey mass, while the centre or in- 
terior consists of unchanged pyrite. They seem to be confined 
to the blue and yellow clays, and are not seen in the red clays. 

The best blue fire clay of this bank contains a little fine sand. 
Its specific gravity is 1.837-1.883. This greater density is an 
index of some sand. The red clay is more earthy and also more 
crumbling. Its specific gravity is 1.745-1.771. The buff-colored 
variety is generally specked by oxide of iron and some unde- 
composed pyrite. 

The layer under the fire clay is not so sandy as that over it, 
and it is the kaolin bed of the clay series. It is used in fire brick. 

The black clay at the bottom is not generally reached, or dug. 
It is sandy, and contains both pyrite and lignite. Only the bust 
of it is of value as pipe material. 

The red clay of this bank is sold to foundries and is known as 
'^^ foundry clay." Some of the blue clay goes into fire brick and 
some of it is used for boiler linings. The general practice in 
working this bank has been to dig the clays of the several colors 
and grades of quality together and sell them unsorted for in- 
ferior uses and at lower prices, rather than to select the varieties 
and sell at prices varying according to quality. The economv 
of labor in this method of working may more than counterbal- 
ance the slight loss in prices obtained. 

The elevation of the clay in this bank and the rapid descent 
of the ground towards the east and north allow the water to run 
off without much trouble or expense and the down grade for the 
half mile of cartage to the dock on the river are material advan- 
tages favoring it. 

Northwest of Whiteheads' bank, near the Methodist Episcopal 
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Church, fire clay has been dug, but the top dirt has fallen down 
so much that it cannot be seen and nothing was learned of its 
extent or character. It is within the fire clay territory. And a 
study of the map and general section will show that much of 
this higher ground to the west of this bank and south of Wood's 
brick clay pits is available clay land. East of this bank there 
is an interval of three-quarters of a mile in which there are no 
openings. There is no reason to suppose that there is any break 
in the beti in this space and explorations at the proper height in 
the ground south of the Burt's creek road should discover clay 
at workable depths from the surface. 

EASrr BAHXS OF WHITEHEAD BROTHERS. 

These openings are from 50 to 300 yards south of the Sayre- 
ville and Burts' creek road and near the head of a small stream 
running northward to the Raritan. The west group of pits has 
been dug within a year. These are nearest to the road. The 
surface of the ground is between 40 and 60 feet high and the 
yellow sand on the clay ranges from 6 to 8 feet thick, in a pit 
near the road to a thickness of 20 feet in the main bank, 100 
yards from it. The top of the clay is, therefore, 35-40 feet, 
which corresponds with the height of this bed at this point as 
given on the general combined section, No. 95. The top clay of 
these pits is sandy. About five feet down there is a layer 18 
inches thick, streaked by oxide of iron. It dries white and the 
amount of iron is small. Under this the clay is blue and better. 
Towards the bottom it becomes sandy. These pits are dug 8-9 
feet in clay and do not go through it. The best of the clay got 
here is a little sandy, but this does not materially afiect its refrac- 
tory quality. 

A short distance east and southeast of these pits, there is an 
older opening which has not been worked recently. The top of 
the clay bed in the southeastern part of this opening was mea- 
sured and found to be 54 feet high. This was probably above 
the average elevation. As the fallen top dirt had everywhere 
else covered the clay, no other heights were obtained, and no 
further data respecting it were got. As the ground south and 
east rises quite fast, the hearing on the clay bed is probably 
thicker in those directions, and this location is not so favorable 
13 
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for getting at the clay as that of the newly opened pits west of 
this and described above. The clay of these pits is carted to 
Whitehead's dock on the river a half a mile north of them. 

WHITEHEAD BB0THER8* FIRE 8AKD PIT. 

This pit is by the side of the road about a quarter of a mile 
east of the above described clay pits. It shows at the top : 

Gravelly earth 1-4 feet 

Yellow fire Band, with streakfl of loam S feet 

V>ry ftandy clay in thin layer; then sand and a ''clayey kaolin'' at the 
bottom » 

The sand of this pit is mostly quite coarse and sharp grained. 
As the height of the surface here is about 50 feet, the sand bed 
has an elevation of 34 to 46 feet, which is the horizon of the fire 
clay, according to map and general section (see No. 96^ in the 
latter.) The explanation of this occurrence of sand is that the 
clay has been removed from this point, and its place subsequently 
filled by the drift sand, and the kaolin at the bottom is of the 
clay series and in place — undisturbed. This sand is nearly all 
quartz. Some very small black grains appear in it, which may 
be earthy and colored by organic matter. It is carted to boats, ' 
which, load at the proprietors' dock on the river, and is sold to 
foundries and iron furnaces. 

About half way from this pit to the dock and west of the road, 
the same firm dig a moulding sand in the eastern side of a 
round hill, which rises 50 feet above the surrounding surface 
and 70 feet above tide level. A long excavation exposes to view 
about 30 feet of quite clean white quartz sand. It is very finely 
laminated and is covered by a yellow, sandy earth, a few feet 
thick, thinning away on the sides of the hill. Examined by tlie 
microscope, this sand is found to be fine grained (grains 1-100 to 
1-200 inch in diameter.) Mostly transparent quartz, and most 
of these quite angular. Some crusts of cemented sand and oxide 
of iron are observable. 

This sand is sold to foundries, and also for building purposes. 

It is said that there is a dark-colored clav underneath tliis 
sand hill, which latter appears to be a drift mass of modern age. 
If there, it belongs, probably, to the laminated clay and sand bed. 



DESCRIPTION OF CLAY BANKS. 195 



CL^.Y BANK OF THE J. K. BRICK RSTATE. 



This bank is at Burt's creek, in Sayreville township. The dig- 
ging has been along the eastern and northeastern side of a ridge, 
and has exposed the strata along this for a quarter of a mile 
from north to south. This length of continuous opening in the 
clay has, of course, shown the inequalities of its surface, the 
range of its variation in character, and the varying nature of the 
layers associated with and contiguous to it. The top of the fire 
clay is between 28 and 36 feet high, but these heights appear 
within a few yards of one another. The following vertical sec- 
tion gives the several layers in their order and thickness : 



(1) Yellow Band with Rome gravellj lajern through it 15-40 feet 

(2) Biiff-oolored fire clay ") 

(3) Blue, fire clay [• 6-14 feet 

(4) Sandy fire clay J 

(5) Extra-Bandy clay, and eand 7 fee^ 



The sand at the top is nearly all fine white quartz, and its 
layers are gently undulating, and dipping slightly southward. 
This sand alternates with very thin layers of quartz pebbles 
It is all thrown aside or used in filling up the pits. At the 
south end of the bank there is more gravel and less sand, and 
the bearing is not so thick as to the north, where the ground is 
higher. 

In some parts of the bank there is a thin layer of black, sandy 
earth between this sand bed and the fire clay, and in this, lignite is 
abundant. . Some leaf impressions have been found in it. At 
other points the sand just over the clay for 2 to 8 inches is 
cemented into a sort of stone by iron oxide. 

A red clay is got at the top of the more southeastern pits, and 
very frequently the top of the bed is buff-colored. The upper 
portion of the blue clay of the bed is considered the best, and is 
here designated as XX clay, or No. 1. The paler blue portion, 
lower down, is marked X clay, or No. 2. Towards the bottom 
the bed is more sandy 

The best clay is bluish white, compact, having a specific 
gravity of 1.760 — 1.773, and contains an occasional scale of white 
mica. The No. 2 grade is a little sandy and its specific gravity 
is 1.852 — 1.901. It crumbles more readily than the No. 1 clay. 
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The buff variety is also a little sandy and crumbly. It shows 
streaks of oxide of iron. 

The kaolin consists of fine quartz sand and a little white clay 
and without mica. It is rather a clayey sand than kaolin, as this 
term is understood in this clay district. It is considered a first 
class article and is used with the clays of this bank in fire brick. 
The clays and kaolin of this bank are used by the proprietors of 
the same, E. D. White & Company, in their works, which are 
known as the Brooklyn Clay Retort and Fire Brick Works, Van 
Dyke street, Brooklyn. 

A few rods northwest of the main bank and near the residence 
of S. Gildersleeve, the superintendent, there is another clay bank 
worked by the same firm. This opening shows the following 
layers : 

(1) Yellow Band 10-15 feet 

(2) Dark-colored, pandyclay 4 feet 

(3) Black clay, full of lignite and pyrite 2-3} feet 

(4) Black clay, used for wareor No. 2 brick 4 fei-i 

(5) Yellow Band (boring) 6 feet 

The clay layer (No. 2) is sandy, but the sand in it is fine-grained, 
and it dries nearly white. It is used in the manufacture of yel- 
low ware. The next layer is quite full of leaf impressions. Its 
only use is as a substitute for Albany slip, in glazing pipe. Tlie 
next lower clay is another potters clay stratum, although generally 
put in the mixture for No. 2 fire brick. The sand at the bottom 
has not been dug. Borings have gone 6 feet in it. 

The place of these clays in the clay series and their relation 
to the fire clay bed of the adjoining bank are unsettled. Their ele- 
vation, between 29 and 40 feet above high tide level corresponds 
with the horizon of the fire clay. As a practical opinion it may 
be stated that Mr. Gildersleeve thinks these potters clays here 
replace the fire clay and he hopes to find the latter further iu 
the bank, south and southeast. Another explanation may Ix^ in 
the reference of these layers to a place in the scries just Ix^low 
the fire clay. For the better illustration of these j)oints tlic 
reader is referred to Nos. 99 and 102 on the general section. 

The materials of these banks of the Brick estate are cartel 
about a quarter of a mile to the dock, at the head of a lonp: slip 
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or canal, which opens northward into the Raritan river. Thence 
they are shipped to the works in Brooklyn. 

OEOaOE SUCH's clay BAKK3. 

These are on the Ridgeway tract, east of Burt's creek, and two 
and a half miles west of South Amboy. A large area has been 
dug over, but it is all comprised in two groups of pits, or open- 
ings. The eastern, east of the old Burt's creek and Jacksonville 
road, is not now worked. The western bank is much larger, and 
is the scene of present operations. In so large an area there is 
considerable variation in the stratification, although all within 
the range of the general order of arrangement of the members 
of the plastic cla}* series. The representation of all of these, by 
any one vertical section, is impossible. The following order is 
presented as an approximate expression, and, as such, fairly rep- 
resentative of the bank. 

(1) Yellow Band, with thin layers of gravel 5-35 feet 

(2) Dark-colored gandj clay 0-10 feet 

(3) White 6re clay (average) 10 feet 

(4) Mottled clay ) 

(5) Red clay / up to 10 feet 

The sand at the top is nearly all white and yellowish white 
quartz, and of varying degrees of fineness. It has a gently un- 
dulating structure. There are a very few thin layers of pebbles 
in it. No dip is apparent in the complex arrangement of the 
laminae, or layers. In much of the area worked over this sand 
bed lay immediately upon the fire clay, but on the southeast side 
of the opening a black clay (2) comes in between tl^em. This is 
sandy, and includes some thin layers of white sand. It contains 
more or less lignite, and some trunks of trees, 3 feet across, have 
been found in it. Pyrito is also common in it. Amber is another 
mineral found occasionally in it. At present, no use is made of 
this clay, excepting to fill up pits or to pile up heaps of waste on 
the dump. Some of it is said to be good enough for drain pipe, 
but the cost of sorting prevents its employment for such uses. 

The fire clay bed in this bank has an average elevation (top) of 
25 feet above mean high tide level, but its surface is full of in- 
equalities, rising and sinking from 5 to 10 feet in almost as many 
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yards, or within the compass of a pit, so that the track level is 
in places 5 or 6 feet below the top of the clay, while in others 
the black clay line runs as many feet below the same horizon, 
following, as it does, the sinuosities of the fire clay line, and by its 
contrast sharply defining the surface of this bed. 

Mr. Armstrong, superintendent of the bank, says that towards 
the southwest the fire clay bed thins out and is wanting, and 
that the black clay appears to replace it, although this is not 
considered the end of the former bed in that direction. These 
facts, brought out in the very extended area here excavated, con- 
firm the observations made elsewhere — that the fire clay beds 
have been worn away in places, and these hollows of denudation 
have been afterwards filled by the more recent beds of black 
clay, sand, &c., deposited upon them. The average thickness of 
the fire clay is 10 feet, ranging from 2 to 13 feet. White, buff 
and red clays are got. Generally the top of the bed is white, 
lower down it is spotted, or mottled, red and white, and at the 
bottom red ; but this order of colors is not uniform nor every- 
where observed. Some of the white clay contains pyrite in very 
minute aggregations of crystals disseminated through its mass. 
This clay is washed, and thus freed from this injurious constitu- 
ent. Probably one-third of the total amount dug is thus 
treated. Some of the white clay is very pure and of superior 
quality. This is sold for fire brick. The so-called "paper clay," 
used for paper glazing, is all washed. By a proper mixture of 
clays of different colors any desirable shade from white, buff, 
yellow, to red is obtained. A sample of washed white clay was 
analyzed, and found to contain : 

Alumina 38.34 

Silicic acid 42.90 

Water (combined) 13.50 



9-^.74 



Sand (quartz) 1.50 

Titanic acid 1.20 



o - 



2.70 



Potash 0.20 

Soda 0.18 

Lime 

Magnesia 
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Sesqui-oxide of iroo 0.86 

Water (moisture) 1.10 

2.40 

Totid (determiried) 99.84 

These washed samples are lighter than the crude clays, the 
specific gravity of a buff (paper) clay being 1.530 — 1.571. That 
of the unwashed white clay is 1.71G — 1.751. The fracture 
is conchoidal, but not so smooth and clean as in the original 
specimens. The unwashed clays turn yellowish on exposure to 
the air; the washed remain unchanged in color. These changes 
are due, probably, to a trace of sulphate of iron in the crude clay, 
which is removed by the washing. The mottled and red clays 
are more sandy. Some of these are sold for making saggars and 
other uses where less refractory clays can be employed. The red 
clay where it crops out in the exposed bank, or when lying for 
some time in heaps, is soon covered by stony crusts of clay 
cemented by ferric oxide. These seem to be due to atmospheric 
agents. Some of the white, and also some of the yellow and 
buff clays, turn brown on exposure, and this efflorescence has a 
very astringent, or inky, taste, indicating the presence of copperas 
or sulphate of iron. These are not considered of any value for 
refractory purposes, as they do not stand high heat. They are 
thrown out on the dump. Some of the richer white clays, con- 
taining some pyrite, are sold for the manufacture of alum. 

All of these varied phenomena of arrangement, extent and 
character give a peculiar interest to this bank, and make it a 
favorable place for observations, both of a geological and of a 
practical nature. 

A track runs from the bank to the washing works near b}' and 
to Such's dock, one mile distant on the Raritan. This in the bank 
is shifted to suit the digging, and top dirt and clays are readily 
carried in cars that are drawn out by team to the works, dock or 
to the dump for waste. These arrangements show a comprehen- 
sive management, and the economy in the handling and in the 
transportation is a strong argument for similar modes of working 
at other places in the clay district. 

In the old "blue clay bank " east of the one now worked, the 
yellow sand bearing is seen. The fire clay dug in it is bluish 
white. No digging has been done there in several years past. 
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The washing works are north of the clay bank, and about them 
are the large drying vats. The description of these works is given 
further on in this report. 

CLAY FITS OF UlIBD A FURMAN. 

This pit is a half a mile east southeast of Such's clay works. 
But little clay has been dug here, and it has not been worked in 
several years. There is a yellow sand bed, 10-15 feet thick, on 
the clay, and the latter is about 30 feet high, or nearly the same 
level as Such's clay. Its extent or character was not learned, 
nor any reason for the abandonment of the locality. It is, as the 
map and section show, within the available clay territory. 

KEABNEY TBACT. — CLAY PITS OF E. F. A J. M. ROBERTS. 

This large tract of about 700 acres borders the Raritan river, 
northeast of Burt's creek, and one to two miles west and north- 
west of South Amboy. Pits have been dug at several points, but 
inasmuch as their relative location is more easilv learned from 
the map, than from any extended geographical description, the 
reader is referred to it, and only some of the local details arc 
given here. 

Western Pits, — These are on both sides of the old Burt's creek 
and South Amboy road, and about a quarter of a mile east of 
Such's greenhouses. The diggings here have left a narrow strip 
for the roadway, and this may be said to divide it into two 
groups of pits, one to the north and the other south of it. Tlie 
length of opening from northwest to southeast, on the line of 
dip, shows the descent to the southeast in the greater height of 
the fire clay bed north of the road than in the pits south of it. 
Thus, on the north, the top of this bed has an elevation of 32-30 
feet ; on the south its height is 29-35 feet. But a difference of 
several feet is common within short distances. And these in- 
equalities appear at the bottom as well as in the top. For exam- 
ple, at one point, where the top was 35 feet high, the bed was 20 
feet thick, appearing both higher than the general surface and 
going below the average bottom, or flooring. In the lower grouiul, 
and on the south of the road, the hearing on the clay consists of 
a yellow sand with some gravelly layers, in all, from 6 to 12 feet 
thick. The average thickness of the clay bed is 8 leet. Under 
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it there is fine sand and kaolin. At the top a spit or two of the 
clay is white, next comes the blue, or bluish white, and, at the 
bottom, a red clay. But these are not to be understood as sepa- 
rate layers or beds. They are shades of color all in one bed, and 
the color line is the only one to be seen. 

South of these pits the ground is still lower, descending more 
rapidly than the clay bed. This, with the known thickness of 
the alluvial and diluvial beds there, precludes the probability of 
finding much clay in that direction. It may be found beyond 
the low and swampy ground, where the surface again rises, going 
southward. Borings and trial pits have confirmed these geologi- 
cal conclusions, and shown the absence of a workable thickness 
of valuable clay in this low ground, immediately adjoining the 
pits on the south. 

North of the road the digging has got into higher ground, and 
there is a thicker bed of sand on the fire clay, varying from 10 
to 30 feet. In this there are a few streaks of white gravel. 
Although much of this sand is clean, sharp grained quartz, and 
is excellent for mason's use, it is carted off as so much waste 
material. The clay bed here also presents inequalities, quite as 
great as in the more southern pits. The upper part of the bed 
is a buff-colored clay. Below this it is bluish white, the line be- 
tween the two shades of color being distinct and clearly marked. 
Concretionary, or ball-like masses of pyrite crystals, one to three 
inches in diameter, and which are generally oxidized on the sur- 
face into a brownish, ochrey shell, are quite abundant in the top 
of this buff clay. Each spit of this pyritiferous clay is exam- 
ined, and the pyrite cut out and thrown aside. The clay thus 
sorted is sold for alum making. The lower part of this buff clay 
is very rich and free from impurities, and is sold for glazing 
paper, commanding a high price. The blue, or bluish white clay, 
is esteemed the best of the bank. This is very rich in alumina, 
and contains scarcely any sand or foreign matters. Its composi- 
tion is given in the following analysis of a selected specimen, 
which can, however, be taken as representative of this clay : 

ANALYSIS. 

Alumina 39.24 

Silicic acid 42.71 

Water (combined) 13.32 

95.27 
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Sand (quartz) 0.70 

Titanic acid 1.60 

2.30 

Potash 0.47 

Soda 0.42 

Lime 0.20 

Magnesia 

Sesqui-oxide of iron 0.46 

Wafer (moisture) 1.68 

3.13 

Total 100.70 

The small percentages of quartz sand, alkalies and oxide of 
iron show the purity of this clay, approaching a pure kaolinite 
in composition. It dries very white, and, unlike most of the fire 
clays of this clay district, does not show any discoloration on the 
surface, but retains its whiteness. It is the most refractory of 
the clays dug here, and is sold for fire brick. 

The best clays of these pits all appear of very uniform tex- 
ture and homogenous. Their specific gravity varies between 
1.702 and 1.742. They exhibit a conchoidal and clean fracture. 
Under the microscope there is seen occasionally a very small 
scale of white mica or a particle of white quartz. The red clay 
is a little sandy, and is sold for making into sa^rgars. 

No attempt has been made in these pits to dig or utilize the 
fine sand or kaolin found under the fire clay. There is so much 
water in the stratum that its extraction is not practicable while 
digging the clay, as it would soon rush up and fill the pits. 

Northeast Bank, — This is the most eastern opening along the 
road, and is less than a quarter of a mile northeast of the pits 
just described. It is an older bank, in which work lias been 
resumed within a year. At the side of the road the pits pass 
through sand 6 feet thick, then through a bed of black, sandy 
clay, also several feet thick, into the fire clay. North of this, 
100 yards or thereabouts, there is none of the black clay, but the 
sand bed attains a maximum thickness of 40 feet. A very few 
thin layers of white gravel occur in it. The whole has a plainly 
laminated structure, and much of the bed is a very clean, sliarp 
sand. The removaj of so great a thickness of bearing, which is 
waste material, is costly, and is compensated onlj' by the supe- 
rior quality of the clays which it covers. The top of the clay 
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bed here also has its characteristic inequalities of surface. At 
the top there is a white to faint buff clay, reaching down 4 feet. 
The top spit of this contains a few of the " sulphur balls " (above 
described), which are cut out. The remaining mass is very rich 
and a fine clay. The lower portion of this buff clay is free 
from almost all impurities, and is considered the best clay of 
the tract. A fair specimen of it was carefully analyzed, and the 
following results obtained : 

ANALYSIS. 



Alumina 39.14 

Silicic acid 44.20 

Water (combined) 14.05 

97.39 

Silica (sand) 0.20 

Titanic acid 1.05 

1.25 

Potash 0.25 

oooa 

lame 

Magnesia 

Sesqoi-oxide of iron 0.45 

Water (moisture) 0.90 

1.60 



Total 100.24 

The purity of this clay is apparent at a glance at these figures, 
there being less than three per cent, of foreign matter, and of 
this nine-tenths of one per cent, is moisture. 

The blue portion of the bed under the buff is thought to be 
equally good, but it burns a little darker shade of color than the 
buff. Selected lots from this bank are sold for ware, the buff 
going as a paper clay. The rest is good enough for fire brick. 
Sand underlies the clay in this bank. The digging stops when 
it is reached. 

Kearney Clay Bank, — What was known under this name is 
three-quarters of a mile north northeast of the Roberts openings 
and a half a mile southeast of Kearney's dock. The ground 
about this opening is 70-80 feet high and the top of the clay, as 



204 MIDDLESEX COUNTY CLAY DI8TBICT. 

ascertained by levelling done in 1855, by the geological survey, 
is 57 feet high. The fire clay bed was 17 feet thick, of which 
13 feet of the top was of good quality, and 4 feet at the bottom 
of spotted clay. The pits stopped at a sandy clay at the bottom. 
Resting on the fire clay bed there was, in places, a black, lignite- 
bearing clay, but most of the top or bearing, which was 10-18 
feet thick, was yellow sand. A kaolin was dug in the lower 
ground about 200 feet from this clay bank and at the side of the 
road. Its height was 44 feet. 

In Roberts' bank (worked in 1855, but not lately) a few rods 
east northeast of the Kearney bank, there was yellow sand, 
15-30 feet thick, then 14 feet of fire clay. And the surface of 
this latter was found to be 58 feet above mean tide level. Tliese 
differences of level observed in the several banks on this prop- 
erty are explained by the dip of the fire clay bed towards the 
southeast and they show it in a very striking manner. The 
general, combined section also shows these banks in their respec- 
tive places on the lines of strike and the heights of the clay bed 
at these several points. (See numbers 103, 100, 93 and i)2). 

In working these banks of Messrs. Roberts the customary 
practice is to throw the spits in heaps upon a board tloorinj; at 
the side of the pit, sorting them into paper, ware, fire brick, and 
alum clays according to their quality. The white ami buff 
varieties are sold for paper; the blue and some of the buff for 
fire brick ; that containing a little pyrite, for alum ; the reddish 
and inferior sorts, for saggars, &c., &c. A great deal of care is 
here given in the handling and sorting, thus kee|)iii<^r up the 
several grades to a high standard of purity and excellence, as 
well as maintaining the character of the clays from tliese hanks. 
They are carted to Roberts* dock on the river, less than half a 
mile distant, whence they are shipped wherever ordtMed. Most 
of the clays go either to Jersey City or to Trenton, althouiili some 
are sent as far as Baltimore and Boston. The fire hrick (lav is 
sold to manufacturers in Philadelphia, Reading, Loliij:!:h X'allev 
and at other points. A very small amount is used (it is said) by 
manufacturers of white lead as an adulteration or dilunit. 

The aggregate production of the banks on this tract, workrd 
steadily for so many years, is very large. And of this amount 
an unusually large proportion has been of very superior quality 
and has commanded high prices, although here, perhaps more 
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than elsewliere in the district, very much fine clay suited for 
ware, or for paper glazing, has been sold for making ordinary 
fire brick and thus used, where lower grades of clay, or such as 
were not quite so rich and pure, would have done nearly, if not 
quite as well. 

J. N. colescan's estate pits. 

Fire ssLudy feldspar and sandy clay have been dug at these pits, 
one mile northwest of South Amboy and near the road to 
Kearney's dock. At the most westerly pit a sandy material re- 
sembling feldspar is found a few feet beneath the surface. The 
top of this layer, as here opened, is about 30 feet high. This 
agrees with the horizon of this bed as determined by the dip. 
The general section illustrates this statement in its No. 94. In 
the pit southeast of the feldspar, some clay has been dug, but it is 
said to have been in thin layers and of limited extent. A 
yellowish white quartz sand forms the bearing in these pits. The 
fire sand pit is in lower ground northeast of the road. 

Further exploration of the higher ground adjacent to these 
pits on the west and southwest may discover a thicker bed of 
better feldspar than that which has been dug. And in this ridge 
which starting here, runs southwest, passing the several pits of 
E. F. & J. M. Roberts, the South Amboy fire clay bed ought to be 
found. The clay in the southeast pit cannot belong to that bed 
as it is too low, the surface there being 35 to 45 feet high, 
whereas the top of the fire clay bed there should be 50 feet above 
high water level. Allowing a few feet for superficial beds or 
bearing there is no margin left for this clay. Both the fire sand 
and clay dug on this property are very probably of drift origin — 
a part of the great sheet of sand, gravel and clays which cover 
the members of the plastic clay beds in this part of the clay dis- 
trict. The clays nearer the shore and southeast of these pits ap- 
pear to be of like character. 

CLAY IN SOUTH AMBOY. 

A white clay crops out in South Amboy, near the wharf at the 
end of Bordentown turnpike. It appears about 5 feet above high 
water level. A few rods southwest of this point, and also along 
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the shore, a dark, drab-colored clay crops out in the upland bluflF, 
rising 8 feet above tide level. This appears to lie above the 
white clay. In Mrs. Clark's pits, near the shore, this clay is seen 
10 feet above the same level. The clay dug in these pits is very 
sand3% as is seen in the following analysis of a specimen from 
them : 

Alumina and titanic acid 17.58 

Silicic acid 19.50 

Water (combined) 4.50 

41.58 

Sand (quartE) ., 63.20 

53.20 

Potash 2.24 

Soda 

Lime traces 

Magnesia 0.43 

Seflqui-ozide of iron 1.42 

Water (moisture 1.20 

5.29 

Total (determined) 100.07 

Its composition is much like that of the stoneware clays of tliis 
district. It is used in making yellow ware. Towards the bottom 
it is not so sandy, and is said to be too refractory for ware. In 
some of this drab-colored clay there is much liirnite and many 
leaf impressions. Their outlines are well preserved and clearly 
marked. For a notice of their age, species, &c., see page 20. 

As has been referred to on page 180, there is a close correspond- 
ence between this clay and that of Disbrow's bank, at Old Bridge, 
both in position and in chemical composition. And, as there 
stated, the place of these clays is still doubtful. They are cer- 
tainly below the horizon of most of the stonew\are clays. And 
they arc too high for the South Amboy fire clay bed, unless tliere 
is a change in the rate of dip of the latter, and that is here hi^lier 
than it would otherwise be. The whiter portions reseniMe llie 
fire clays in external appearance. The leaf layer over this would 
also correspond with that seen over the fire clay in the bank mi 
the Brick estate. If it be a part of that bed, the drab-colored cln y 
at the top, and that dug for ware, are hardly parts of the sann.- 
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stratum. Deeper diggings may discover the more refractory clay 
of the South Amboy bed. 

FIRE SAND BANK OF MAXFIELD A PARISEN. 

Sand is dug at the side of the New York and Long Branch 
Railroad in South Amboy. It is on the east side of the road, and 
about a quarter of a mile southeast of the station. There is at 
least 30 feet thickness of this bed. At the top there is a thin 
layer of loam. It shows fine lines of stratification, which descend 
at an angle of 10° towards the southeast. Along some of these 
lines there is a little yellowish earth. These alternate irregularly 
with the sand. The sand is verv firm and solid in the bank, 
requiring the use of a pick to cut it down. And the bank stands 
up nearly vertical. The digging goes down to tide level. And 
the sand is loaded on boats off the shore. 

CLAY PITS OF EVERETT AND PERRINE. 

These pits are in South Amboy near the Jacksonville road. 
The ground is 90 to 100 feet high and rises rapidly on all sides, 
excepting towards the east. The top of the clay asopened in the 
several pits is 82, 84, 85 and 88 feet high. In some dug quite re- 
cently there is 1 to 6 feet of yellow sand and gravel at tlie top; 
then 1 foot or about that of black sandy earth quite full of wood ; 
then 4 to 10 feet of clay, light-colored and rather sandy, becom- 
ing more sandj' and of a darker color towards the bottom. Also 
pyrite occurs towards the bottom. It is underlaid by sand. This 
clay is dug for the supply of the i)ottery in South Amboy, he- 
longing to the Fish estate. It is used in making yellow ware. 

Southeast of the above openings clay was formerly dug at 
several points by Mr. Parisen. Sandy clay of a dark color and 
containing lignite and pyrite appears in the old bank, but as no 
work has been done here in some vears, the lower strata have not 
been seen. 

East of the Parisen bank there is another opening in the side 
hill, worked by Messrs. Everett and Perrine. The clay is covered 
by 5 feet of sand and gravel. At the top it is slightly stained on 
seams by oxide of iron. The main body is drab-colored, drying 
bluish white and is very sandy. It is only a few feet thick and 
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is underlaid by sand. It is inferior to the clay of the western 
pits. It goes to the pottery on the Bay Shore, a half a mile east 
of this opening. 

W. C. PERRINE*8 CLAY PITB, NEAR SOUTH AMBOT. 

This locality is about a half a mile south of South Amboy 
and about 200 yards northwest of the old Bordentown turnpike. A 
shaft was sunk to a depth of 46 feet, of which 32 feet was through 
sand and gravel, and then 14 feet in a dark-colored, tough clay, 
containing a little lignite and pyrite. From this, horizontal 
drifts were cut, all in the same clay bed. This shaft is square 
with its sides planked, and the materials are hoisted in buckets 
by means of horse power. The clay passed through would prob- 
ably do for yellow ware, but it is not a. stoneware clay. This shaft 
has been abandoned. Other trial pits are being put down near 
it, in hopes of finding a good material for stoneware. The height 
of the ground at the mouth of this shaft is about 130 feet. The 
clay met with in it is, therefore, 84 to 98 feet above tide water. 

In the pits, a short distance north of the shaft, there is 8 feet 
of sand and gravel, then the dark-colored clay 8 feet thick, be- 
low which sand is struck. Mr. Perrine reports boring 2') feet in 
this sand, mostly white quartz, with some streaks wliich are 
dark-colored. All of the materials appear very dry. Hero the 
surface is at least 20 feet lower than at the shaft, and the clay of 
the pit is 94 to 102 feet high. 

The geological position of these clays of W. C. Perrine, and 
those of Everett & Perrine, nearer South Ambo}', is involved in 
some doubt, arising from their elevation and their exceptional 
character. While they may all answer for yellow ware, tliey are 
not adapted to the manufacture of stoneware, nor do they liave 
the peculiar speckled and characteristic appearance which be- 
longs to the stoneware clays proper. The clay at tlie pits of 
Messrs. Everett & Perrine is very near the height reiiuirod for 
this stoneware clay bed, going northwest, being a few feet above the 
height of the same bed as opened near the (Jamden and Aniboy 
railroad, in the pits of E. R. Rose and W. C. Perrine; l)ut the 
clay struck in Perrine's shaft appears a little too high for tliat 
bed. If this be the case, sinking this shaft deeper sliould strike 
the latter. This shaft and the pits along the Camden and Am- 
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boy railroad (above referred to) are on the same northeast and 
southwest line of strike, and assuming the dip to be uniform and 
the strike to continue the same direction through this inter- 
vening space, the bed of stoneware clay should be found at the 
same elevation — that is, 55 to 70 feet above mean high tide level, 
or 14 feet below the bottom of said shaft. The advisability of 
sinking such shafts rather than digging pits in the lower ground 
towards the north and east, is very seriously questioned. It must, 
however, always be kept in mind that on the slopes and side hills 
the superficial covering may be thicker and more uneven, having 
been subject to the modifying effects of surface drainage; and, 
besides, having reached a definite layer in the shaft, it may be 
easier to go through it to the next and lower beds rather than 
dig several holes on sloping surfaces, where there may be the 
greater uncertainty in regard to the top dirt. A careful study 
of the map and the general combined section is recommended 
for the better appreciation of these statements. Nos. 110, 111 
and 112 on the latter represent these several openings. 

W. C. PERRINE'S clay west of south AMBOY, and near ROBERTS* BANKS. 

Here some light, drab-colored and sandy clay has been dug. 
The pits are about 100 yards south of the old Burt's creek road 
and in ground whose elevation above tide is about 100 feet. 
The stoneware clay bed, if found so far to the northwest as this 
point, would be higher than this, and consequently the clay of 
these pits is either surface deposit or a lower bed. Neither does 
it look at all like the true stoneware clay. Like that of the pits 
near South Amboy and just described, it is not so white, but 
more of a drab color and not so compact or dense. But little 
has been dug at this locality, and of this less taken away. It is 
more as a trial or exploration than a working locality. Its place 
on the general section is No. 104. 

CLAY PITS OF E. R. ROSE A SON. 

These and the adjacent diggings of W. C. Perrine are at the side 

of the Camden and Amboy Railroad and near the old Bordcn- 

town turnpike, one and three-quarters miles southwest of South 

Amboy. The ground here, and for some distance to the north 

14 



210 MIDDLESEX COUNTY CLAY DISTRICT. 

and west, is rather flat and 60 to 80 feet above tidie letel. The 
strata observed in these pits are in the following order and 
thickness, beginning at the surface : 

(1) Sand, gravel and very sandy clay &-10 feet 

(2) Stoneware clay 6 feet 

(3) Dark-colored eandy earth at the bottom 

Generally the top dirt is sand and gravel, but sometimes there 
is a little sandy clay also. The clay bed varies in thickness, 
having been found as much as 15 feet thick, but this included 8 
feet of the top clay, which is sandy and stained a little by oxide 
of iron. And this top, inferior clay is sold for common yellow 
ware manufacture. The stoneware clay has a greyish color and 
is marked by dark spots of oxide of iron so characteristic of the 
clay of this bed and known as " fly-specked clay." It is very 
solid, and its specific gravity is 2.129 — 2.151. The composition of 
a representative specimen of the best clay of the pits is given in 
the following analysis : 

Alumina 20.12 

Silicic acid 28.60 

Water (combined) 7.22 

56.94 

Sand (quartz) 37.10 

Titanic acid 1.10 

38.20 

Potash 1.50 

Soda '. traces 

Lime 

Magnesia 29 

Sesqui-oxide of iron 1.3S 

Water (moisture) 4. IS 

7.35 



101.41' 



This will be found to correspond closely with representative 
specimens of this bed as worked in Otto Ernst's clay mines aud in 
Noah Furman's pits, for which see analysis under those head-^. 

The bed becomes more sandy towards the bottom and in tlic 
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more northeastern pits it is underlaid by a dark-colored sandy 
clay which further west is replaced by a looser, sandy earth. 

The top of the bed as opened in Rose's pits has a mean height 
of 70 feet above tide level. The position and height as here 
opened, is represented by No. 113 on the general section. 

w. c. perrine's clay pits. 

These are just southwest of Rose's and in the flat ground. 
The bearing on the clay is said to be thinner than in the pits of 
the latter, but the clay bed has the same average thickness. 
They were not worked when visited. It is said that there is no 
good stoneware clay southwest of this opening. In the Camden 
and Amboy Railroad cut, three-eighths of a mile southwest of 
these pits, the following strata are seen, viz. : 

(1) Earth and gravel 6 feet. 

(2) White sand.. 6 feet. 

(3) Dark-colored, sandy clay, alternating with sand, which reaches down to 

the bottom of the cut 

The elevation of this latter layer is 87 feet. This cut is inter- 
esting only on account of its exposure of this clay and sand as 
strata overlying the stoneware clay bed in this part of the clay 
district. , 

West of the pits of W. C. Perrine, and near the Burt's creek 
and Jacksonville road, the stoneware clay has been found in bor- 
ings made by Otto Ernst. These explorations were made in the 
low and flat ground at the head of Burt's creek, in search of the 
South Amboy fire clay bed. The layer penetrated was only one 
foot thick, and was one and a half feet beneath the surface, and 
under it there was white sand. Its elevation above tide level was 
about' 67 feet, corresponding to its heights at the pits of Rose and 
Perrine. So thin a layer is of no practical importance. But it 
is a proof of the extension of the bed westward, and also of the 
uniformity of the dip. Two other borings near this one did not 
show any of this clay. The fire clay bed was not reached, as the 
borings did not get down far enough, in consequence of water 
stopping the work. % 

The deep valley of Crossway brook, south of South Amboy, 
running from the old Bordentown kirnpike to Chesquake creek. 
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across the strike of the stoneware clay bed, affords favorable local- 
ities for opening that bed. The bottom of the valley, or stream, 
descends from 65 feet where it crosses the above-named road, to 
high tide level near the old dam and mill pond, one mile to the 
southeast. As this descent is greater than that of the stoneware 
clay, this bed is found above the stream throughout the valley. 
E. R. Rose & Son, Morgan <fe Furman, W. C. Perrine and William 
Hayes have pits in this valley, and near the mouth of the brook 
Otto Ernst has a clay bank. Several of these localities have been 
quite recently opened. And no doubt others will be found. The 
map indicates the available area of clay territory and the general 
section, in its Nos. 116, 116J, 116}, 116f, 117 and 117}, exhibits 
these pits on the lines of strike, and at their proper elevation. 
And these show the dip towards the southeast. Beginning at the 
northwest, there are the 

CLAY PITS OF £. R. ROSE A SON. 

These pits are in two groups, or two openings, 150 feet apart, on 
the west side of the valley, and about a third of a mile southeast 
of the residence of Mr. Rose. The strata cut here are : 

(1) Yellow, sandy gravel \ ^^^ ^^^^^ 

(2) Yellowish white sand i 

(3) Dark drab-colored cla^ 1 foot 

(4) Blue, stoneware clay 0-7 feet 

(5) Yellow streaked earth at the bottom 

The stoneware clay is (bottom) 54: feet above tide level. 

The above section was taken in a pit recently dug in the most 
northern opening. No work is doing at the otlier one. Both 
were opened about the same time, nearly two years ago. 

MORGAN & FURMAN's PITS AND MINE3. 

These are across the brook from the above described locality 
and near the head of a small tributary of the Cross\yav brook. 
They are not more than one mile southwest of South Amboy. 

The southwest opening is on the south side of the brook. The 
following order of beds is reported by Mr. Furman, viz.: 
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(1) Yellow, sandy gravel 2-4 feet 

(2) Yellow sand 10-11 feet 

(3) Black clay (not in all the pits) 3-4 feet 

(4) Blue, stoneware clay 10 feet 

(5) Dark red clay 1-2 feet 

At the bottom, there is, generally, a siindy black clay. 

The top of the black clay (No. 3) was found to be 74 feet, ac- 
cording to which the bottom of the stoneware clay bed is about 
60 feet above tide level. 

The northeast piis are about 100 yards from the western open- 
ing and in higher ground. The surface has an elevation of 96 
feet. In these pits the top dirt consists of: 

(1) Yellow sand and gravel 6-8 feet 

(2) Black clay 3-4 feet 

The blue, stoneware clay bed is 10 feet thick and lies upon a 
black clay. From these figures and the elevation of the surface 
about the pits, the stoneware clay (bottom) is about 72 feet above 
tide level. 

•Much of the clay of these pits contains pyrite in small crystal- 
line nodules and grains. And these damage it for finer uses. 
Otherwise these openings are favorable for working as there is 
not an excessive hearing^ the drainage is natural and the bed is 
thick. Neither of these places are now being worked. The first 
work was done in 1876. On ground northeast from the last 
mentioned openings, and at an elevation of 110 feet, work is now 
going on in mining the clay. Square shafts are sunk through 
the overlying yellow sand and gravel (20 feet) and into the clay 
bed, which is said to be here 30 feet thick. From these shafts 
horizontal drifts about 10 feet high and 100 feet long, are cut in 
the clay, leaving a part of the bed as floor and roof. These are 
let to fall in after the clay has been removed and then others are 
driven by the side of the first and so on. The hoisting is done 
by a horse whim. Mr. Furman says that his explorations in the 
vicinity of these shafts indicate a thinning out of the clay bed 
towards the north and east. The thickness appears unusually 
great, above the average observed elsewhere in this bed and in- 
dicates a swelling up here, so that while the bottom of this clay is 
only 60 feet high, the top is iiO feet, higher than any stoneware 
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clay outcrop or exposure in this clay district. No. 116 on the 
general section illustrates these statements.' 

WABD C. PERRIKE'B PITB. 

This opening is one of the oldest in this valley, and is situated 
about 60 rods southwest of Morgan & Furman's mines. It is at 
the head of a brook, which flows west into the Crossway creek. 

The top dirt consists of yellow sand and gravel and a drab- 
colored, laminated sandy earth, and, in places, a black clay 
under the above. On the southern side of the excavation there 
is 25 feet, at least, of bearing. Eastward it is not so thick. The 
top of the black clay on the south side is 62 feet above high tide 
level. The stoneware clay was not seen. It was said by Mr. 
Perrine to be 3 feet thick. The heavy bearing and thin bed of 
clay caused the stoppage of work, and the bank has been idle for 
several months. 

.WIUJAM hates' clay PITS. 

Hayes pits are down the valley, on its eastern side, and south- 
east of his residence near the top of the bluflF. In these pits the 
following strata are seen : 

(1) Yellow gravel 1-3 feet 

(2) Yellow sand 12 feet 

(3) Stoneware clay 5-6 feet 

(4) Dark drab-colored clay 1-2 feet 

(5) Yellowish earthy clay (yellow streaked) at the bottom 

The bottom of (3) the stonoward clay bed is 43 to 44 feet above 
mean high water. These pits were opened during the past sum- 
mer. The clay is carted to South Amboy. 

North of Hayes' pits deep gullies have cut deeply into the 
earth, gravel, Ac, but have not shown any clay of value, al- 
though quite low enougH'to reach the level of the stoneware clay 
bed. These facts, with the results of borings made by Messrs. 
Perrine, Rose and Furman along this Crossway brook valley, 
show great inequalities and gaps where no clay is to be found. 
There must have been a great deal of erosion, which cut out the 
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bed and left breaks that have been filled by the more recent beds 
of sand and gravel. 

The map and sections indicate the probable existence of the 
stoneware clay down the valley, southeast of Hayes' pits to the 
Chesquake, although there are no outcrops or openings. The 
great length of the upland bluff bordering the tide meadows af- 
fords the best of facilities for exploration. Following the bends 
there is at least three miles of such banks in which searches can 
be made with some degree of success in discovering clay. 

• 

morgan's clay bank. 

• 

This old and well-known bank is one mile south of South 
Amboy, on the shore of Raritan bay. The upland here comes 
to the water front, the tide meadows disappearing, and in the 
bluff the stoneware clay bed and the overlying strata of sand, 
gravel and sandy clay crop out, from here southward to the 
mouth of the Chesquake creek. The side cut on the New 
York and Long Branch railroad goes down to tide water level, 
and shows the clay to that depth. To the northwest, in the old 
Clark bank, on the Conover tract, the yellow sand and gravel ap- 
pears at the surface, jesting upon the dark-colored, laminated 
sand, and sandy clay.'*' 

The same surface gravel and sand bed is well exposed in the 
cut at the side of the railroad for a quarter of a mile northward 
from Morgan station. This bed is wanting in Morgan's bank 
and in its place the laminated sand and sandy clay rises to the 
top of the bluff, and attains a maximum thickness of 40 feet. 
It may average 25 feet. This bed consists of thin, horizontal 
layers of dark-colored, very sandy clay with much lignite and 
some pyrite, alternating with layers, or partings of white quartz 
sand, which are generally, somewhat thinner than the clay lay- 
ers, the whole forming a quite sandy mass when it has fallen 
down in the bank and obscured the lamination. This lami- 
nated structure is very conspicuous in freshly cut vertical or 
highly inclined surfaces. The material is useless, excepting to 
fill pits. The sand might be used if it could be separated from 
the clay. 

* The ibllowlng l«jen were obeerved here when this bank was worked bv Clark A Furman, in 1855, 

Tte.:-(1) Fire aand. 11 feet thick: (2) Black clay (not UHed), 6-7 feet; (8) 8t *■ 

**A«hy 
(7)"" 
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The stoneware clay bed has a very uneven surface. It is 
about 25 feet high in the headland, or poipt east of the railroad 
and about the same height in Morgan's western pits near the 
Clark bank. In the other pits the top of the clay is not over 15 
feet above high water level. The following is the order»of the 
succession of strata and their thickness at this bank, beginning 
at the surface : 

(1) Laminated pand and sandy clay 40 feet. 

(2) Sandy clay (inferior) 8 feet. 

(3) Blue, stoneware clay 3 feet. 

(4) Red (including "peach-blossom") clay 6 feet. 

(5) Stoneware clay (becoming sandy at bottom) 5 feet. 

(6) Sand at the bottom 

These (layers^ 2 to 5 inclusive) are not all distinct, but variously 
colored parts of one, the stoneware clay bed. And while this is 
the order in which they appear most frequently, it is not always 
the same. Nor do these figures apply to all pits. They were the 
measurements in one pit and are representative. The top, or 
bearing towards the old Clark bank includes a little gravel near 
the surface. This in some parts of the bank does not exceed 25 
feet. From that it varies to 40 feet. 

The sandy clay of the top of the bed is inferior in quality and 
much of it is thrown aside as refuse. The so-called ** peach 
blossom " clay is properly a mottled, red and bluish white clay. 
It is quite sandy and contains a very little mica in fine scales. 
It is sold for making saggars, and some of it which is more 
spotted with patches of red and white, is used in the manufacture 
of door knobs. The clay under this is considered the best of the 
bank. Its appearance is very similar to that of the other stone- 
ware clays of the clay district. It becomes sandy towards the 
bottom and finally grades into sand. This more sandy clay lacks 
the characteristic, dotted or " fly specked " appearance observed 
in the best clay found hio:her up. The average thickness of the 
whole clay bed is said to be 25 feet. It was found to be so in the 
cut made by the Long Branch Railroad, from which tlie clay 
was removed previous to the laying of the track. 

The method of excavation here has been somewhat varied. 
More commonly the top dirt is removed, and then large pits arc 
sunk in the clay, which are in turn, filled by the bearing of the 
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succeeding pit and so on. But sometimes a pit is dug and then 
from it short drifts are cut in the clay bed, after which the top is 
allowed to fall down and thus fill the excavated space. From 
the pits the clay is carted at low tide to vessels lying off the 
shore and thence shipped as ordered. Most of it is sold for stone- 
ware, but a large quantity of it goes to Norwalk, Conn., and else- 
where, to door-knob factories. 

The location, right on the shore, but a dock's length from boat 
transportation, the great thickness of the bed and that nearly 
all above tide level, affording all the needed drainage and the 
varying character of the clay, suited to different uses are great 
natural advantages, which should be connected with systematic 
and comprehensive management. The unusual thickness of the 
bed in this bank would appear favorable to the introduction of 
underground working* or mining, such as is followed by Mr. 
Ernst in his clay mines on Chesquake creek. 

This bank is one of the oldest in the State or country, potters' 
clay having been dug here before 1800, for the supply of potteries 
at Old Bridge. 

From the elevation of the clay bed here as compared with its 
heights elsewhere it seems rather lower than would be expected, 
indicating a greater thickness in general and also some irregularity 
in it. (See No. 120 on the general section.) From the rate of 
dip or elevation going northwest, there are good reasons to sup- 
pose that this bed can be found further to the northwest beyond 
the Clark bank, and the steep, upland bluff there offers favorable 
points for explorations. The heights can be more easily fixed by 
a careful study of the map and general section. 

OTTO Ernst's clay at salt works dock. 

This locality is on the north bank of Chesquake creek a half a 
mile southwest of its mouth and the same distance from Morgan 
station. It was formerly worked by the Amboy Clay Company. 
It has been reopened and worked a little by its present owner, 
Mr. Ernst. There seem to be two distinct beds of clay here, an 
upper, which was worked in the bank or side-hill, being from 5 
to 7 feet thick and 10 feet above high water level, and a lower 



•The extrnction bjr pim and horlEontiil (lrtft« wiw practlc<*d more than twenty year« naro by Memrs. 
CUrk And Forman In their bank north of the Morgan property, and now owned by Rlctiurd 8. Con- 
orer. 
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one, which was found, in borings and trial pits, to be 17 feet 
thick and 12 to 29 feet below the same level. Mr. Ernst reports 
having prospected this property pretty thoroughly by numerous 
borings and says that he has found this lower clay confined to 
narrow limits, not exceeding a few rods square, and running out 
to nothing in one direction, towards the upland, and to 2 to 5 
feet towards the water. This clay he considered very much like 
that from his mines, which is also partly below tide level. 

The clay of this bank is included within the boundary lines 
of this stoneware clay bed as is shown by the general section 
No. 124. But the lower clay found here is altogether below the 
horizon of that bed, as also shown by the same section. Either 
there is here a greater thickness of the whole, as one bed, or 
there are two separate beds. Both of these explanations are in 
part correct, as they may be regarded as parts of one bed sepa- 
rated, locally, by deposits of sand, sandy clay, Ac, which at 
other points are wanting and the two are seen together, making 
a greater thickness, as in Morgan's bank. Inequalities of surface 
are also evident from these discoveries of Mr. Ernst. These may 
apply to all the phenomena observed in the several pits along 
the bay shore and Chesquake creek. 

THE ABCBOY CLAT MINES — OTTO ERNST. 

The banks and mines included under this head are in Madi- 
son township, near the head of Chesquake creek, and three miles 
south of South Amboy. The stoneware clay on this property was 
opened at first by diggingand sinking pits in the upland, where it 
sloped to the tide meadows, south of Mr. Ernst's residence and 
southeast of the mines now worked. After following this mode 
of extraction for several years the proprietors, then holding it, 
began mining on a small scale, smking shafts and then removing 
the clay by cutting short horizontal drifts in the clay bed. In 
1868 Mr. Ernst came into possession of the property and con- 
tinued this system of mining on an extended scale. New sliafts 
were put down west and northwest of the old bank and old 
shafts, and nearer the head of the little semicircular depression 
or valley in which all of these clay workings are located. Three 
of these, put down in 1868, 1872 and 1876 are in line, east and 
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west, and the vertical sections in these, as given by Mr. Ernst, 
are as follows : 

Western Shaft {187S), 

(1) Yellow sand and gravel 7 feet 

(2) " Black stuff/' (fuindy earth, lignite and pyrite) 2 feet 

(3) Bloe qaicksand.. 5 feet 

(4) Gk)od day 4} feet 

(5) Gk>od clay (red streaks at top) (main drift) 8 feet 

(6) Gkxxi clay 4 feet 

Bottom at high water level. 

The stoneware clay bed includes (4), (5) and (6), or a thickness 
of 16J feet. The place of the drift is represented by (5), while 
(4) is left as a roof and (6) as flooring to the mine. 

The middle shaft, put down in 1868, is 100 feet east of the 
above and 240 feet west of that of 1876. In this the stratifica- 
tion was reported to be as follows : 

1) Yellow sand and gravel 13} feet 

2) Sandy earth, containing lignite 2 feet 

8) Blue quicksand 3 feet 

4) Good clay 3 feet 

5) Sandy day..... 2 feet 

6) Dark-colored clay 2 feet 

7) Red clay 2 feet 

8) Good clay (main drift) 9 feet 

9) Good clay 5 feet 

(10) CUy (boring) 13 feet 

The top of the drift (8) is 3 feet above high water level. Here 
the worked portion of the bed is represented by (8), but, as this 
section shows, there is good clay for 5 feet under it. 

Shaft 1876.— {EaU.) 

(1) Yellow sand and gravel 17 feet 

(2) Quicksand 3J feet 

(3) Blue gravel 2 feet 

(4) Good clay (lower 6 feet main drift).: 10 feet 

(5) Sandy clay 5 feet 

(6) "Black stuff" 2 feet 

The top of the good clay (4) is 4 feet above high water level. 
Most of (6) and (6) were determined by borings. 
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' These sections show the stoneware clay bed in its relations to 
tide level and the inequalities in it. In the middle and eastern 
shafts the top of the bed is mostly below that level, whereas in 
the western it is above it. If the higher strata are carefully con- 
sidered, these apparent differences are explained. Beginning at 
the west, the yellow sand and gravel goes down 7 feet, or 23 feet 
above high water level. This is the plane of division between 
the surface beds (drift) and the plastic clay series. In the mid- 
dle shaft the dividing plane is 17 feet above tide level. In the 
eastern, it is only 4 feet. These figures show that there was a 
cutting out of the upper beds towards the east. The absence of 
the sandy layers in the east shaft indicates that there the erosion 
cut down to the good clay. These sections of Mr. Ernst are 
particularly instructive in this respect; and the slope of this 
ancient surface corresponded with that of the present surface in 
direction. It was steeper, being 1 foot in 18, or nearly 300 feet 
per mile. Looking at the bottom, the sections of the middle and 
east shafts agree; the other was not deep enough to prove any- 
thing as to the uniformity in the bottom of the bed. 

In the deep ravine west of Mr. Ernst's residence, and nortli- 
west of the mines, there is a white sand and sandy clay in alter- 
nating layers, 40 feet thick.' A thin layer of moulding sand is 
at the top of the bank, just under the soil. A dark-colored, 
sandy cla.y, containing lignite and pyrite in the form of broken 
sticks and small fragments, crops out in the bank west of the 
shafts. No leaf impressions have been found in it. Small pieces 
of amber are occasionally seen in it. This bed of black, sandy 
clay was found over the stoneware clay in the older workings 
near the meadows. The clay bed near the top is san<]y and dis- 
colored bv reddish streaks, as is shown bv the above sections of 
the west and middle shafts. These variations are common, and 
in some places the mining has found large lenticular-siiaped 
masses of such clay surrounded by good ware clay. One of these 
measured 75 feet in length and 1 by 3 feet in its other dimen- 
sions. The shafts and borings indicate a maximum thickness of 
30 feet, but this is much above the average.* 



* It Is propor bore to 8tat«, In deference to Mr. Ernst's extensive practical observations jui4 oxp« ri- 
oncc In iMay mining, that he considers the clay worked In hLs mines as a lart^e pocket, or deposit, lyjn^ 
in this rereJix ainonK the hills, and that it thins out towards the higher ground. The vertical >«rti.ii> 
gjlven above mav be so Interpreted, but the survr^* of the other clay hanks and outcrops in tb«- vi -iii.ty 
of his mines and in the adjacent country do not favor such an hypothesis. And we tliink a larnHil 
study of th»^ map and the general section w^ith the local details ol this report are alt(^gether auaiiist it, 
and conclu'slve In regard to the generalizations respecting the stoiicware clay bed. 
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Inasmuch as the mining is confined to the good ware clay 
stratum and care is taken to avoid cutting through it, the under- 
lying bed of black, sandy clay has been found in borings only. 

The mode of extraction by mining has been greatly improved 
by Mr. Ernst, and the extent to which he has carried it is shown 
by the map above referred to. The following description of this 
method of mining the clay, written in 1874, as a paper for the 
American Institute of Mining Engineers, and printed in their 
transactions, Vol. Ill, pages 211-215, is reproduced here in part 
as applicable to date. 

The mining operatiorui have been the sinking of vertical shaf s, 
and then the removal of the clay by a system of hori- 
zontal drifts. The shafts stop in the clay stratum. On account 
of the very wet and porous beds of sand and sandy clay over it, 
the sinking of the shafts was attended with much difficulty. 
They had to be water tight. To do this the cribbing was 
doubled, and the intervening space was carefully filled with the 
best of clay, rammed down hard. This clay filling has been 
found efficient and, so far, enduring. From the shafts working 
tunnels have been cut, slightly rising, in order to allow easy 
drainage and to assist the loaded cars running to the bottom of 
the shafts. Some of these main tunnels have been cut in 500 
feet. They are about eight feet wide and from eight to ten feet 
high. In driving these, as also in removing the clay from the 
side drifts, the boring auger is in constant use to ascertain how 
much clay is in front, as a thickness of five feet is always left 
below for flooring, and the same overhead for roof. This is ren- 
dered all the more necessary by the irregularities in the surface of 
this stoneware clay stratum, sometimes amounting to differences 
of 10 to 14 feet from a horizontal plane in a distance of as many 
rods. To support in part the roof, the ordinary mode of timber- 
ing horizontal drifts is employed, the uprights or props with 
their corresponding sleepers or collars being set from a foot to 
eighteen inches apart. In some places, for extra security, they 
are set closer, or they are doubled. Lagging on the sides keeps 
up the ^nd filling where the clay has been removed. From the 
main drifts laterals or side drifts are cut at right angles to the 
former and parallel to one another. 

In these the timbering is not so substantial, its object being 
the temporary support of the roof while the cutting goes for- 
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ward. Generally the timbering follows closely the extraction of 
the clay, rarely leaving more than iBve feet of roof in advance 
unsupported. As soon as one of these laterals has attained the 
proposed length, it is filled with sand brought from the surface, 
and a few yards onjy from the mouth of the shaft. A second 
side drift or tunnel is then cut, removing the clay quite to the 
first, and thus the work of extraction and filling goes on to the 
further end of the working or main tunnel. These side drifts 
are rarely more than 75 feet long. One main serves thus for the 
excavation of the clay from a width of 150 feet, or from an area 
of 500 by 150 feet, or nearly two acres. Owing to the earthy 
nature of both the roof and the floor and the weight of the 
bearing, sinking and creeps occur, ultimately shutting up the most 
carefully timbered tunnels. In practice these serve about a year, 
but this is generally suflBcient for the removal of the clay from 
both sides of it. A second belt is then opened from a new shaft 
and tunnel. The sand filling has been found quite essential to 
economical mining, as it prevents the cracking and fissures 
through which, either in the roof or in the fioor, water and 
quicksand would soon flow in and fill the mine. In a word, this 
sand filling completely replaces the clay, making the series of beds 
almost as solid as they originally were, and accidents from such 
breaks have but rarely happened. The greatest source of danger 
is in getting too near the adjacent sandy beds, and thus letting 
in the water. Hence the constant use of the auger to know what 
is ahead. 

The clay is very solid and quite dry, and broad-edged picks, 
or grubbing hoes, are used to cut it down. The mass thus broken 
is shoveled into cars. These run on tracks which, in the lateral 
drifts, are temporary, being taken up and laid in the next drift, 
when one is finished. A more permanent track is laid in the 
main tunnel, and on this the loaded cars are pushed to the shaft. 
Here they are emptied into buckets, which are hoisted by horse- 
power to the surface. 

The ventilation is effected through a board flue, built u|) one 
corner of the shaft, and running from the surface down to witliin 
three feet of the bottom. A current of air is created by the hoat 
of two or three large kerosene lamps burning at the lower end of 
this flue. Without this the air would soon be so vitiated that 
work in the drifts would be impossible. * * * * Ventila- 
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tion not only supplies good air, but also removes dangerous gases. 
Several explosions have resulted from these gases when ignited 
from the candle flames of workmen on entering the mine. For- 
tunately these have been slight, frightening rather than hurting. 
From the faint, blue, flickering flame, which can be seen by hold- 
ing a lighted candle close to the roof, and near the sand fliling, 
where it accumulates, it is supposed to be marsh gas (methyl 
hydride), mixed very likely with some carbonic acid gas (carbon 
dioxide) and nitrogen, but no chemical tests have been made, as 
the amount is so small, and it is not easily collected. The pres- 
ence of this gas in a clay bed appears at first to be quite im- 
probable, or, at least, anomalous. In this locality, however, the 
clajr bed that is worked is covered by dark-colored sandy strata, 
which contain much lignite in the form of small stems, with 
leaves and fine woody matter distributed through it. And this 
lignite contains some volatile hydro-carbons, as is proved, on dry 
distillation. The decomposition of the lignite, with an insuflS- 
cient supply of oxygen, would furnish these gases. Through 
very small cracks they might find escape into the chambers of 
the mine, and there manifest themselves in the phenomena ob- 
served. Marsh gas, or fire damp, has been noticed in some of 
the brown coal mines of Europe, and the conditions favoring its 
productions in the brown coal formations are not very unlike 
those which exist in the surroundings of this clay mine. 

As the clay bed is impervious to water, and the shafts, which 
cut the overlying porous strata are water-tight, there is practi- 
cally no water to be raised, at least only that which comes in by 
accidents, such as are sometimes unavoidable. 

This mode of mining clay has been successfully employed by 
Mr. Ernst for several years. With further improvements in 
enlarged workings, in the modes of underground transportation, 
and in hoisting, greater economy might be obtained. As it is, he 
gets a superior clay, since there is no mixing with overlying top 
dirt or inferior clays. Then there are no interruptions caused 
by slides, inclement weather, &c., common to open workings. 
In addition to those advantages, the mining goes on night and 
day, thus doubling the capacity of the same area in a given time. 

One disadvantage will be evident at once. For every 8 feet of 
clay taken out, 10 feet {5 feet below and 5 feet above) is left. But 
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as the area of clay land is yet large, this is not so serious nor 
objectionable. 

The rapidly diminishing area of clays at depths easily accessible 
by open diggings, and the increasing value of superior clays to 
meet the large demands in making fire brick retorts, sewer and 
drain pipes, and the manifold forms of pottery, demand greater 
economy in mining them, and this mode, so successfully employed, 
ought to be more general, for it would extend vastly the workable 
areas of valuable clays and thus contribute to our mineral wealth. 

The composition of the best average clay of these mines is as 
follows : 

Alumina 20.20 

Silicic acid 28.80 

Water combined 6.80 

54.80 

Sand (quartz) 39.95 

Titanic acid '. 0.90 

40.85 

Potash 1.58 

Soda 

Lime traces. 

Magne«iu '. 0,50 

Sesqui-oxi<le of iron 1.45 

Water (moisture) 1.2U 

.t .) 

Total K)U.38 

, The specific gravity of this clay is 1.971-2.138. It has the '' fly 
specked " appearance, characteristic of this stoneware clay bed. 
The sand in it is very fine grained quartz. Mr. Ernst's practice 
is to keep his mining considerably ahead of the immediate de- 
mands, and in this way he keeps a large stock of clay on luuid. 
And by the exposure of some months he thinks it is improved in 
quality. 

The clay is carted a half a mile to his dock on Chesnuake 
creek, whence it is shipped to all points on the Atlantic coast 
from Maine to Texas. It is known in the market as " mine clay ■' 
in distinction from pit clay. 
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KOAH FUBMAN'S CLAY BANK. 

A half a mile south southeast of Ernst's mines there is the old 
bank of Noah Furman, which was described in the Geological 
Survey report of 1855, page 72, as showing : 



• 



(1) Sand 3-10 feet 

(2) Black clay 10-15 feet 

(3) Stoneware clay 14 feet 

» 

This bank has not been worked much since that report was 
made. This top black clay includes in its mass a great deal of 
lignite and pyrite. 

MOBOAN ESTTATE BANK. 

This is southwest of the above described locality and at the 
border of the marsh. According to the same report, this bank 
cut the following materials: 

(1) Sand « 15-16 feet 

(2) Black clay 7 feet 

(3) Stoneware clay 10 feet 



• 



No work has been done here lately. At both this and the last 
mentioned banks the clay bed was found partly below the level 
of tide water. 

NOAH FUBMAN's CLAY MINES. 

These pits or mines are at the head of Chesquake creek, near 
the old Morgan bank, and about a mile northwest of Jackson- 
ville. They were opened about eleven years ago. They are in 
the upland, near the marsh, and the surface is 20-30 feet above 
mean high tide level. In one of the shafts the top of the stone- 
ware clay was found at an elevation of 20 feet; in a second shaft, 
100 yards west of the first, it was at nearly the same height (19.5 
feet) above the same datum plane, mean high tide level. The 
surface here is sand and gravel ; then there is a black clay full of 
wood and pyrite, and containing some leaf impressions, 3-6 feet 
thick ; then the stoneware clay 5-7 feet, and at the bottom a 
white sand. These heights correspond with the place of the bed 
15 
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as determined by its dip, and its elevations at other points. (See 
general section Nos. 121 and 123.) The extraction is here mostly 
by under ground tunneling, or mining, proper. A vertical shaft 
is sunk to the bottom of the clay bed, and this is well timbered. 
Drifts, generally 100 feet long, are cut from this shaft into the 
clay, which is in this manner taken out. By means of a succes- 
sion of such drifts the bed is worked out, excepting a stratum left 
at the top as a roof, and another at the bottom, as floor. No par- 
ticular care is taken to keep these drifts after excavation, and 
consequently they soon fall in, and thus become filled with the 
material from above. 

This clay has the same characteristic physical qualities that 
belong to the stoneware clays in general. Its specific gravity is 
2.012-2.022, and it is, on the average, a little more sandy than 
that of Ernst's mines, or that of Rose's pits. A selected specimen 
has the chemical composition seen in the following analysis : 

Alumina 21.13 

Silicic acid 29.23 

Water (combined) 6.81 



Di.li 



Sand (quartz) mm»..m.....«....mm..m...... ^......m............ * 37.85 

Titanic acid 1.00 



38.85 



Potaah 1.81 

Soda 0.18 

Lime 

Magnesia 0.22 

Sesqui-oxide of iron 1.68 

Water (moisture) 0.69 



4.58 



100.60 



This clay is carted to the dock on the creek, about one mile 
distant. It goes to potteries for stoneware. 



THEODORE SMITHES CLAY PITS. 



These pits are in Madison township, a half a mile east of the 
Camden and Amboy railroad, and IJ miles northwest of Jack- 
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sonville. The ground here and towards the south is 30 to 40 
feet high, rather flat, and drained by the headwaters of Prickett^s 
brook, a tributary of the South river. The bearing on the clay is 
about 9 feet thick, of which the surface layer — 2 feet thick — is a 
moulding sand ; the reniaining 7 feet is common yellow sand. 
The top of the clay bed has an average elevation above tide level 
of 40 feet. Its thickness is between 3 and 10 feet. The top spit 
is very sandy, and is thrown aside as waste. Towards the bot- 
tom also it grows sandy, and under it there is a laminated sand 
and sandy clay. There is some pyrite and lignite in the lower 
part of the bed. All of the clay is carefully sorted so as to avoid 
the pyrite, which occurs occasionally in all parts of the bed. The 
greater portion of what is dug in these pits is sold for stoneware. 
It is carted to a siding on the Camden and Amboy railroad half 
a mile west of the pits. 

As can be seen on the section, No. 118, the height of the clay 
bed here coincides with the lines drawn, enclosing it at the pro- 
per djp, and these lines projected to the surface would indicate 
an area of available clay land south of these pits in the low, flat 
ground which extends southward to Tennent's brook and west- 
ward in a narrower belt to the railroad. 

CHABLE8 B. BEYNOLDfi* CLAT. 

Reynolds' pits are in Madison township, near the head of Jer- 
nee's mill pond, and about two miles west-southwest of Jackson- 
ville. The surface of the country hereabouts is flat, and does not 
exceed 30 feet in height above tide water. The clay dug here is 
covered by a sandy loam and yellow sand to the depth of 3 feet. 
It is 5 feet thick. It is quite sandy, and near the surface is 
streaked with yellow earth. The best is drab-colored, sandy, and 
dries quite white. It wants the speckled appearance observed in 
the stoneware clay of the pits above described. 

Only a few small pits have been dug. The clay from these 
has been carted to the pottery at Matawan, where it has been 
used, mixed with Furman's clay, in making stoneware. 

The clay here, so near the top of the ground, appears to have 
been somewhat changed by surface agencies acting upon it. It 
looks more like a local deposit of recent age than it does like the 
regular stoneware clay bed of the plastic clay formation^ yet its 
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elevation and geographical position agree with the latter. Future 
exploration of the country between Tennent's brook on the south 
and as far northward as Smith's pits, will show either a more 
or less continuous bed of clay, or the isolated and entirely 
local character of this outcrop, and separate from all others. In 
the latter case it will most likely be found to be of a more recent 
formation, possibly of the drift. Its place in the general section, 
No. 125, and its location on the map illustrate these statements 
in part. 



EXTENSION OF MIDDLESEX CLAYS ACROSS THE STATE, <&C. 229 



CHAPTER IL 

EXTENSION OF THE MIDDLESEX CLAYS ACROSS THE STATE AND ALONG 

THE DELAWARE RIVER. 

Southwest of the clay district of Middlesex county, as that 
district is represented by the map accompanying this report, 
white clays have been found in a few places, although not to an 
extent that has led to any developments other than the few trial 
pits put down to test these surface indications. 

The following notes of these localities are here inserted as a 
record of facts accumulated. They indicate an extension of the 
plastic clay formation southwest, and are the connecting links 
between the Middlesex county district and the outcrops along 
the Delaware river. They are presented as the basis for further 
exploration, which, it is hoped, will demonstrate without doubt 
this extension, and still further enable the geologist to identify 
entirely across the state the several sub-divisions, as now recog- 
nized in the former district. Beginning at the northeast, a little 
light-colored, tough clay is cut in the road ditch on Rider's lane, 
ascending the hill south of Lawrence brook. This lies on the 
red-shale. It is of no practical importance as the layers are thin 
and uneven. 

South of this and about 250 yards north of the old mill 
(Kraner's) there is an outcrop of this clay in the side of the road. 
Here its extent is not known. 

Up the valley of Lawrence brook there are several outcrops. 
One of these is in the road, crossing the stream, about a quarter of 
a mile east of Milltown and a few rods south of the brook. An- 
other is on the same side of the brook, in the road, a quarter of 
a mile east of Parson's snuff mills. Clay was once dug at the 
latter place and used in fulling cloth. The surface material here 
is spotted, blue and white, with yellowish stains of oxide of iron. 
It is quite sandy and micaceous and looks like a mixture of blue 
clay, white clay and some earthy material, derived from the wear 
of older clay beds. Near the brook, north of it, red-shale crops 
out, so that the clay must be close to this rock. Its height above 
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tide level (about 30 feet) conforms to the elevation of the Rari- 
tan clay bed, assuming that to extend this far to the southwest 
and to have a uniform strike and dip. 

One mile west of Parson's mills, and a short distance south of 
Lawrence brook, on the road to Dunham's Corners, clay was 
found in digging J. Hoy's well. It was near the bottom, and 20 
feet deep. North of Hoy's place, and on the opposite side of the 
stream, there is an outcrop of yellowish-white and tough clay, 
but of limited extent. Its laminated structure and its position 
indicate the bottom of the Raritan bed. The red-shale is seen 
very near it, in the same little ravine a few rods east of the main 
road. 

Another outcrop of clay is on the Cranbury road, on lands 
of Ross Drake, two miles southwest of New Brunswick. Here a 
white clay was cut in the ditch on the road, and also in the lot 
south of the road. At the latter place it was within two feet of 
the surface of the ground, and the layer was two feet thick. It 
was also encountered in digging a well at Drake's house. This 
clay was mixed with sand and a little earth. The red-shale 
crops out a few rods east of this. It appears to be a part of a thin 
sheet of clay which has here been left upon the shale, and the 
indications do not favor any workable amount. 

There are probably other points on this border of the red-shale 
along Lawrence brook where white clay may be found crop- 
ping out in the road ditches, in the little tributary brooks of the 
main stream, and in its south bank. All of these are verv close 
to the red -shale, and, so far as their appearances and characters 
indicate, are small areas of a once more or less continuous bed, 
and that the Raritan clay bed As the course of Lawrence brook 
is parallel to the general strike of the clay formation, and lies in 
the red-shale near its southeast border, the valley which it fol- 
lows does not afford such opportunities for exploration as streams 
which cross the strata. As it is, only the lowest member of the 
plastic clay series is to be found along its valley. 

Going further south, a yellowish-white clay crops out in the 
ditch just below the old dam at Pettey's distillery, a half a mile 
southeast of Woodsville, in South Brunswick township. The 
thickness of the layer has not been tested. That at the surface 
is very white and almost free from grit. Some of it is, however, 
more sandy and micaceous, and looks like kaolin. This outcrop, 
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SO far to the southeast of the red-shale border and near the mid- 
dle of the clay belt, must belong higher in the series, possibly as 
high up as the South Amboy bed. But these are scarcely more 
than conjectures in our present want of facts. This locality is 
interesting and promising, as it can be so readily tested. A little 
boring or digging would determine the extent and thickness of 
the deposit. 

So far as can be learned from residents and well diggers of 
this country, this is the only white clay known in that part of 
the clay belt south of Lawrence brook. The deep wells at Day- 
ton and Rhode Hall, some of them over 50 feet, pass through 
sands and gravels, but no clays. In the lower lands bordering 
the Millstone river and the Cranbury brook the surface is partly 
alluvial in character and partly drift. These low lands are more 
easily bored or tested than the higher hills, nearly all of which 
are of drift and cover the regular strata thicker. At Cran- 
bury a dark drab clay has been cut in a few wells, although some 
of the deepest were in sand and gravel only, indicating clays of 
local extent and probably a part of the general drift covering. 
Explorations could be easily made in the flat and lower ground 
along the Millstone river, near the Cranbury and Locust Corner 
road ; on J. D. Grover's farm, one and a half miles south of 
Plainsboro, and at Swaenger's mills, in West Windsor township, 
Mercer county. 

TEN MILE RUK CUkYS. 

This localitv is a half a mile south of Ten Mile Run, in Som- 
erset county. The diggings and borings were made on the lands 
of Isaac Webster and W. E. Baker at the side of the Ten Mile 
Run and Kingston road. The clay crops out in the side ditches 
of this road and also gives character to the soil over quite a 
large area of land to the east of the road, towards the Sand 
Hills, in Middlesex county. In the pits of Mr. Webster there 
was a gravelly and sand}'^ earth at the top, which was 5 to 6 feet 
thick ; then the clay which was 11 feet, in the pit, and in a bor- 
ing, 3 feet additional, making in all, a bed 14 feet thick. Sev- 
eral borings near the pits showed 7 to 14 feet of clay within an 
area of three or four acres. Red shaly materials brought up by 
the auger from the bottom indicated red-shale as the bed rock. 
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This clay is quite hard and dry, breaking up into shaly frag- 
ments. Portions of it are very white and fine. In places it is 
bluish white and mottled. Oxide of iron is seen in filmy coat- 
ings on some of the cracked surfaces. Its specific gravity is 
1.607—1.612. 

An analysis of the very white and best clay of the pits gave 
the following results: 

• 

Alumina 35.09 

Silicic acid 38.20 

Water (combined) 12.10 

85.39 

Silicic acid (sand) 8.60 

Titanic acid 1.30 

9.90 

Potash 2.44 

Soda 

Lime 

Magnesia 0.21 

Sesqui-oxide of iron 1.89 

Water (moisture) 

4.54 

Total 99.83 

These figures show a rich clay, but contain too much oxide 
of iron and potash to be refractory or of much value in the 
manufacture of pottery. Very little has been dug, and that in 
these trial pits. 

South of Webster's pits on the Gulick estate a white clay bed, 
7 feet thick, was passed through in digging a well, about fifteen 
years ago. It was covered by sand and gravel and eartli to the 
depth of 10 feet. 

It is reported that clay was found in digging a well several 
years ago, at the upper Ten Mile Run school house, on the old 
Rocky Hill road. 

Mr. Webster dug and bored on liis farm near the Gulick house, 
but found gravel and ** hard pan " only. On the west side of his 
farm he found n yellowish brick clay 2 to 3 feet thick resting 
upon **hard pan." Less than a quarter of a mile n(5rth of these 
several openings on the Webster farm, the red-shale crops out, 
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forming the surface in the fields and appearing in the road to 
Ten Mile Run. Southward, towards Kingston, the trap rocks 
app>ear. The wet, tight bottom lands and the white oak timber 
east of the road, indicate an extension of the clay to the Sand 
Hills. The elevation of this clay above tide level, according to 
aneroid measurements, is 240 feet. From its position upon the 
shale this clay is the equivalent of the Raritan clay bed of Mid- 
dlesex county. Prolonging the line of strike of the bottom of 
this clay bed at tide level southwest, this locality is three and a 
half miles northwest of it. From that line a rise of 60 feet per 
mile would place that bed 210 feet above tide water, which does 
not differ many feet from the actual height of this clay. This 
agreement in elevation together with its relation to the red-shale 
and its composition, all show that this deposit belongs to the 
Raritan bed. The trap rock and shale outcrops on the north, 
west and south, and the Sand Hills on the east, surround this 
clay holding it in a basin-like depression. The eastern and 
southern connections with the same bed, as seen elsewhere, have 
been removed, and in this manner this mass or pocket has been 
left isolated and closed in by these trap rock ridges and the great 
pile of drift of the Sand Hills. 

Proceeding southwest the next outcrop of interest and im- 
portance is on the Pennsylvania Railroad, one mile south of 
Princeton Junction, where at the bottom of a low cut there is a 
sandy white clay mixed with coarse grains of glassy quartz and 
very small mica scales, a material resembling somewhat the feld- 
spar of Middlesex county. It is, however, finer grained and more 
sandy than that. A similar mixture appears in another cutting 
on the same line of railroad, near the Clarksville road crossing. 
This is covered by a reddish, clayey quartz gravel, which is 
characteristic of the surface of the hills and knolls in this part of 
the belt. 

J. H. Everett, at Lawrence Station, Mercer county, says that a 
white clay was cut in the railroad ditch about 200 yards north- 
west of his residence. Also, in digging for water at a small house 
near the station, clay was found from the surface down to a 
depth of 8 feet where the work stopped. None was found in 
digging a second well a few yards distant from the site of the 
first attempt. 

Near Clarksville, whitish, sandy clays crop out north of the 
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village, on the Port Mercer road, and also southwest of it on the 
straight Trenton road. But these look more like drift clays, and 
are not so promising localities for searches as those above men- 
tioned, which are near thn railroad. 

Mr. Walker, of Van Hiseville, who has dug many wells in this 
belt between the Millstone and the Delaware rivers, says that he 
has not found any white clays, except in thin streaks, although 
some of these wells are between 25 and 40 feet deep. The surface 
in the triangle between Van Hiseville, Lawrence and Dutch 
Neck, is a stiff clay loam. Along the Assanpink creek there is 
the wet alluvial tract, known as Bear Swamp. In Hamilton 
township the surface is more sandy. These superficial beds con- 
ceal the older strata, and in the absence of explorations leave us 
in doubt as to the underlying rocks or beds. The clay of David 
Rulon, near Hamilton Square, and that of South's pits, along 
Pond Run indicate the existence of clay in places, if not 
in a continuous formation. The surface along Miry Run is also 
flat, and much of it of an alluvial character, but this does not ap- 
pear very deep, and in Washington township, at James Hutchin- 
son's mills and for a mile thence down the stream, the pits or 
borings would not have to go so deep to reach the strata in place, 
and thus determine the geological structure of this part of the 
country. 

Clay is said to have been found on the farm of Edwin Chambers 
and on the T. Combs' estate near Miry Run, but nothing further 
of the extent or character of these reported discoveries could be 
learned. The higher ground at Hamilton Square and in Hamil- 
ton township is sandy and gravelly, and is probably drift to a 
greater depth. 

DAVID BUIiON'S CLAT. 

Rulon's pits are one mile west of Hamilton Square, and a quar- 
ter of a mile southwest of Mr. Rulon's house, in the flat ground 
drained by a branch of Pond run. The bearing on the clay is 
sand and gravel, and of varying thickness, but not generally 
exceeding 6 feet. The upper part of the clay bed is yellowish ; 
the middle, red ; and at the bottom, white or bluish white. The 
so-called red clay is, properly, flne, mottled and streaked red and 
white,and includes small, reddish masses that look like red-shale. 
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All of the clay of these pits is sandy, but the sand is fine-grained. 
That from the bottom is considered the best. White sand is 
found under the clay, in the bottom of the pits. This locality 
was first opened about four years ago. The clay is carted to 
Trenton, and used in making saggars. It sells at about $2.00 a 
ton. As the digging has been coupled with the work of the 
farm, it has been done at intervals of farm leisure, and the 
amount dug has not been large. 

DANIEL BOUTH'S CLAT PITS. 

South's pits are about three miles east of Trenton, and near 
Pond run, a tributary of the Assanpink creek. In the pits near 
the farm house the clay is white, and is deeply covered by sand 
and gravel. The first opening was in these. The later digging 
has been a quarter of a mile north northeast of the house, in 
the low ground bordering Miry run. At these pits both red and 
white clays are dug. They are quite sandy. None of the pits 
are more than 20 feet in depth, including a few feet of top dirt 
Most of them get through the white clay and stop in the red clay. 
All of these clays are carted to Trenton and used principally in 
the potteries, in making saggars. Here, also, the clay digging is 
subordinated to the work of the farm proper, and the product of 
this place is comparatively small. 

These clays of Rulon and South are placed, without much 
doubt, in the Plastic Clay Formation, although their exact place 
in it is not at all certain. They probably belong to beds which 
crop out in the bluff southeast of Trenton, along the Delaware 
river, although at present it is not possible to identify them there. 

CLAT BANK OF AARON C. ANDEB80N A COMPANY. 

This bank is two miles northeast of Trenton, north of the 
Assanpink creek and about 100 yards north of the Delaware and 
Earitan Canal. The top dirt is gravelly and imbedded in it are 
many quite large boulders of white and jaspery quartz and blue 
flint. Immediately upon the clay bed there is a layer of these 
flinty boulders. Both the top and the bottom of the clay bed are 
uneven and consequently its thickpess varies considerably, but 
does not exceed 23 feet. The bottom is about on a level with the 
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water of the canal, or 50 feet above mean tide level. The upper 
part of the bed is a mixture of white clay with sand and fine 
white gravel. It hardens on exposure when laid on walks or 
roads and for such purposes is admirably adapted, making not 
only good but very pretty walks and roads. This clay gravel 
sells at 75 cents to $1.00 per ton. Under this gravelly part of 
the bed there is a mixture of white clay and fine white quartz 
grains and angular masses. It is not properly a clay, but more 
like a true kaolin. It is used in the Trenton Fire Brick and 
Terra Cotta Works of 0. 0. Bowman & Company, and sells at 
$2.50 per ton. At the bottom of the bank there is some reddish 
clay of inferior quality which is not used. 

The crude clay has to be washed to get rid of the sand and 
quartz masses, for finer uses. The washed residue is white and 
fine clay. Its chemical composition is shown by the following 
analysis taken from the Geology of New Jersey, page 683 : 

ANALYSIS. 

Alumina 37.10 

Silica 45.30 

Water 13.40 

Potaflh 1.30 

Lime 0.17 

Magnesia 0.22 

Per-oxidc of iron 1.30 

Zirconia* 1.40 

Total 100.19 

The flint boulders lying on the white clay are broken up and 
sent to the potteries in the city, bringing $5.00 a ton. They are 
from 1 to 2 feet in diameter. Some of them are remarkable for 
the purity of the quartz, hence their value in the manufacture 
of white ware. All of the beds exposed in this bank consist of 
unsorted materials, and show little, if any, evidences of travel. 
It is very probable that they are, in part, the result of decompo- 
sition and disintegration of strata belonging to the gneissic for- 
mation underlying this portion of the State. 



♦ A rt*-('xanilnui1on of our New Jersey clays provf*s ihlaoonstltuont. which whs theu supposed to be 
iJrconiii. to b«* » compound of titanium. (Set* Part 111, on the composlilon of clfty&.j 
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There is a sand pit in the adjoining field, east of Anderson's 
bank. The surface is lower, only a few feet above the canal level. 
But little of it has been dug lately. 

Along the Delaware river, south of Trenton, dark-colored clays 
crop out near the foot of the upland blufi^ and the border of the 
tide meadow. This so-called "upland bluff" gradually rises 
going from Trenton, and near the residence of Dr. C. C. Abbott 
is 70 feet above the river flood plain. Thence on to the Cross- 
wicks creek bridge it slowly descends. Throughout this whole 
distance it is very steep and precipitous, and is made up of a 
yellow sand and gravel, resting upon the clays. On Isaac De 
Cou's farm the bank has been cut into, and some clay has been 
taken out. Here the sand and gravel is between 20 and 30 feet 
thick, with some thin layers of sandy clay near the bottom. The 
sand is very sharp-grained. Some of it has been used in Tren- 
ton as core sand and for other purposes. Feldspathic nodules, 
with a hard, shell-like exterior, and soft interior mass of kaolin- 
like materials, are quite abundant in this gravel and sand bed. 
The top of the clay outcrop is 20 feet above the river, or tide 
water. Tlie clay of the upper part of the bed is dark grey to 
black, with mottled and more sandy masses. Nodular aggregates 
of pyrite and lignite are common. Leaf impressions also appear 
to be quite abundant in this upper, darker-colored clay, but none 
of them have as yet been studied in their botanical relations. 

This bank was first worked about ten years ago. The clay was 
taken out by tunneling in the side hill. Some of these hori- 
zontal drifts were 200 feet long. The roof was supported 
by timbers. After having been worked in this way for two or 
three years the bank was abandoned on account of the cost of 
timbering. The clay was carted to Trenton and worked up into 
saggars and terra-cotta ware. 

On Dr. Abbott's farm a tough, yellowish-white clay crops out 
in the bed of a small brook, a few rods west of his residence. 
An unusually heavy rain, during the past summer, lowered the 
bed of the little brook from two to four feet, and exposed this 
clay for several rods along its course. From this wash the bed 
appears to be of considerable extent, and of workable thickness. 
An analysis of an average sample shows.the following constitu- 
ents: * 
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Alumina and titanic acid » 19.43 

Silica (including sand) 70.05 

Potash 1.60 

Sesqui-oxide of iron 1.52 

Water (combined and hygroscopic).... 7.00 

Total (determined) 99.60 

In composition there is a close resemblance to the stoneware 
clays of Middlesex county, and, theoretically, it belongs to that 
class of clays. It is important that it be tried for some such use 
— for pottery, or for saggars, or pipe. The apparently workable 
extent of clay of this quality, point out the locality as a prom- 
ising one. 

No exploration or working has been done here. This clay 
outcrop is higher than that in DeCou's bank, and it is probably 
underlaid by the darker-colored bed, which is worked at the 
latter place. The lower part of the bluflf is to be explored for 
this bed. 

On the farm of E. Abbott's heirs, southeast of this, there is 
clay in the bluff. 

ISRAKL LACET's CLAY PITS. 

These are about half way between Trenton and Bordentown, 
near the Crosswicks creek draw bridge, and west of the road. 
They are in the low ground near the border of the tide meadow. 
Mr Lacey says that he found the clay 27 feet thick and under it 
a sand. This clay was dark-colored and sandy. East of this 
bridge and the road and also on the north side of the creek no 
outcrops of clay are seen, but yellow sand and gravel. 

At the Albion mill, five miles southeast of Trenton, white 
clay and sand were observed by Prof. Henry D. Rogers in the 
First Geological Survey of New Jersey and mentioned in his 
Final Report, page 183. It wasarathersandy clay and supposed 
to be unfit for stoneware, but good for fire brick mixtures. 

This river bluffer upland bank offers facilities for mining clay 
as a more practicable mode of extraction than digging pits as 
the thickness of the overlying sand and gravel is such as make 
the latter mode of working expensive, and only possible where 
there are thick beds of valuable clays. And thus far no such 
clays have been discovered here. Clay beds may yet be found 
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nearer the surface, or as this bank is worked back those already 
known, may be found to rise and the top dirt, or bearing, to 
decrease in thickness. Inasmuch as this ground is not thoroughly 
understood, explorations are very desirable to determine its geo- 
logical structure and the practical value of its strata. The Dela- 
ware river in its east southeast course from Trenton to Borden- 
town has cut across the plastic clays to the clay marls, thus 
making a good cross section of the former. At Bordentown the 
river bends towards the west and thence flows on the line of 
strike as far as Kinkora, where it is still more deflected towards 
the west and then west northwest, again cutting the strata of 
clay, but in this course, obliquely to the strike of the clay forma- 
tion. This continues to Florence where it resumes its general 
southwest direction. This curving course of the river has twice 
cut across the clay formation and shown it in contact with the 
clay marls at several points. From Bordentown to Kinkora the 
bluff is steep and high and the beds of dark drab-colored clays 
are seen nearly the whole distance, although in many places the 
slides of the upper layers and surface washes have obscured the 
stratification and made the whole look like one bed, or uniform 
mass from the top down to the railroad and river line. The 
dark -colored clay which in this way appears to make up the 
whole bank is very sandy and is marked throughout by the 
presence of pyrite and lignite. The following strata were 
observed in a clean face of the bank, back of the Pennsylvania 
Railroad Company's freight car shop, about half a mile south of 
the Bordentown (lower) depot. 

(1) Yellow sand nnd gravel with some clajr streaks 8-10 feet 

(2) Clajr marl (green sand) 5 feet 

(3) Black, nandjr clay, full of pjrrite and lignite, alternating with layers of 

white quartz sand 35-40 feet 

(4) White quartz sand at level of railroad track 

This latter level is about 10 feet above mean tide. 

The clay marl at the top is a dark-colored and sandy bed, char- 
acterized by the green sand in it. The clay immediately under 
it contains much sand and many crusts of oxide of iron ; sand 
and clay cemented together. Lower down, this bed shows much 
pyrite, which is commonly in irregularly rounded, or elongated 
masses. The sand layers are thin, generally, and are interbedded 
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irregularly with the thicker clay beds. Towards the level of the 
railroad these alternations of sand and clay are particularly sharp 
and distinct ; the former dark-colored and varying from half an 
inch to an inch in thickness; the latter, of clean, white sand, 
and often not thicker than a knife blade, appearing as mere films, 
or coatings, just enough to separate the clay into these thin sheets. 
There are, however, some thicker layers of this sand, especially 
towards the bottom of the bank. But this thin bedding or lami- 
nation is a character of the whole 30 feet, or more, of the bank 
under the clay marls. The white sand seen at the railroad line 
is said to extend down to the river, or tide mark, and even lower. 
At White HiU the stratification of the bank, as it appears at the 
north end of Willard & MacPherson's forge building, is as follows : 

(1) Yellow earth and fipuvel 8-10 feet 

(2) Clay marl 6 feet 

(3) White Hand containing red oxide of iron crusts 12 feet 

(4) Black sandy clay alternating with thin layers of sand 12 feet 

(5) White sand from railroad track level to tide level 10 feet 

Here also the alternations of clay and sand are very clearly 
marked, and very regularly bedded. Forty distinct layers were 
counted in a vertical section of 3 feet of the bank. This was 
near the level of the railroad track. Just over it there is a 
single bed of clay 3 feet thick. This is dark-colored, tough, and is 
found very serviceable in the forge. 

About a quarter of a mile southwest of the forge building, the 
bluff section is very much like that described above, wanting, 
however, the clay marl at the top, and showing more white sand 
at the bottom. This sand is so clean and fine that it looks as if 
it might be put to some use. The upper clay layers contain a 
great deal of lignite in small pieces. 

At the ice houses, and near the mouth of a large brook, the 
bottom of the clay marl is 28 feet above mean tide level. This 
is lower than the same bed appears at White Ilill, due to the 
more southeasterly position of the former, in which direction the 
bed descends, or dips. The bank near the Kinkora depot, con- 
sists of clay marl, 6-8 feet thick ; black, sandy earth, 8 feet ; and 
white sand, 10 feet. Fifty yards south of this point the clay 
marl appears on top of a dark-colored, astringent clay. Under 
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the latter there is a white, but very sandy, clay, of which a few 
tons have been dug and sent to Trenton. 

CLAY BANK OF MULFOBD A PINE, KINKOBA. 

Here the clay marl comes quite to the surface, and is 6 feet 
thick. It lies on the laminated clay and sand bed, under which, 
at the bottom of the pits, there is a white sand. The marl and 
clay are mixed together, and made into common, red brick. The 
same thin layers of clean white sand and thicker beds of clay 
are seen here also. A few feet under this sand, at the bottom of 
the pits, there is said to be a sandy, light-colored clay. Tide 
level is about 10. feet below the bottom of the pits. The adjoin- 
ing cut on the Columbus and Springfield railroad, shows a section 
similar to that of the pits. 

The composition of this clay is as follows : 

ANALYSIS. 

Alumina. 17.70 

Silicic acid 25.50 

\/ater (combined) 11.80 

55.00 

Silicic acid (sand) 3KS0 

Titanic acid '. 0.90 

32.70 

Potaflh 1.54 

Soda 

Lime 0.16 

Magnesia 0.65 

Sesqui-oxide of iron 6.40 

Water (moisture) 3.50 

12.26 

Total 99.95 

This represents the constitution of the laminated sand and 
clay. The percentage of combined water shows a composition 
unlike that of the fire clays. The percentage of oxide of iron also 
is larger than it is in the latter. 

In the brick clay bank south of the creek at Kinkora, there is 
a thick bed of tough, black clay, quite free from lignite and 
16 
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pyrite, but there is no clay marl upon it. This is lower than the 
pits of Mulford & Pine, and near tide level. Denudation has 
probably removed the clay marl from the immediate valley of 
Craft's creek, at this point. 

These sections, here given, as well as others which could be 
added, between Bordentown and Kinkora, show very beautifully 
the contact of the clay marls and the plastic clays, and the upper 
members of the latter series. 

West of Kinkora there are no bluffs for half a mile or more, 
but round knolls and a sandy surface, sloping gently northward 
to the river. Further west the ground rises, and there is a bluff 
fronting the river, from 30 to 75 feet high, and running north- 
west to the steamboat landing. At the foot of this bluff, clay is 
dug by Joshua Eayre and H. I. Tinsman. 

JOSHUA EAYBE's clay BANKS. 

The openings are about a half a mile northwest of Florence 
station. At the extreme end of Eayre's eastern bank several pits 
have been dug in a very tough black clay which is free from lig- 
nite and pyrite and is 4 feet thick. A few rods west of this is the 
main stoneware clay bank. In this there is at the top yel low- 
sand with some gravel, from 20 to 25 feet thick ; then a bluish 
white clay bed which is 9 feet thick. This is thought to be the 
best clay of the bank. Under it, at tide level, there is a white 
sand. The clay is rathersandy, but the sand in it is finegrained. 
It dries white. The cost of extraction is increased bv the labor 
of removing so much top dirt. 

At the western opening, 500 feet west of that described above, 
the strata are in the following order, beginning at the top. The 
thicknesses are approximately : 

(1) Yellow Band, in undulating, wavy lines 1(3 tVet 

(2) Gravel 2 uct 

(3) ReddiKh and variegated clay 1> toi t 

(4) White clav I iVd 

(o) Clav and sandv earths 1* kt i 

(t)) Wiiite Band (caUed kaolin) «; tVet 

(7) Sand at mean tide level 
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The best white clay of the bank has the following chemical 
composition : 

ANALYSIS. 

Alumina and titanic acid ■ 21.06 

Silicic acid 26.57 

Water (combined) 5.80 

53.43 

Silicic acid (sand) 40.50 

40.50 

Potash 2.47 

Soda 0.21 

Lime 

Magnesia. 0.60 

Sesqui-oxide of iron i. 1.98 

Water (moisture) 0.80 

6.06 

Total 99.99 

Its specific gravity, 1.989—2.023. 

By referring to the analyses on page 72 of the stoneware clays 
of Middlesex county, it will be seen that these figures correspond 
closely with those. This contains a little more potash, and also 
more iron oxide. 

In places the clay is reddish and such is sold for saggers and 
to foundries. Its average price is $1.75 a ton. The bottom of 
the bed is more sandy than that represented by the analysis 
given above. 

As these openings are in the river bank or blufi^, there is no 
expensive handling beyond the wheeling from the bank to the 
boats, which can approach within a few rods of it. The most of 
the red clay and the more sandy white clays are sent to Trenton. 
Some of the best grades are sold in Philadelphia and in the 
Lehigh Valley, mostly for stoneware, bringing $3.00 per ton. A 
more recently cut bank shows : 

(1) Sand and earth, with gravelly layers near the top of the bank 30 feet 

(2) Black, Handy clay, full of lignite 6 feet 

(3) White clay becoming sandy towards the bottom and at length grading into 

a kaolin , 
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Some of the sand in (1) can be used in tempering clay for red 
brick. 

Some of the white clay is quite refractory and is used as a fire 
clay. A little of it has been made into retorts. The kaolin has 
very little mica in it, and it reaches down to the tide level in 
tlie river. The sq,les from Eayre's banks in 1874, amounted to 
3,000 tons, including the kaolin. 

West of this Mr. Eayre says there is much red clay, and that 
it is found all along this bank to the steamboat landing. 

HENRY I. TINSMAN'S CLAY. 

• 

This opening is about 300 yards west northwest of Eayre's 
banks. The bluff here is about 30 feet high and shows the 
following layers : 

(1) Sand 15 feet 

(2) Black clay, with lignite 5-8 feet 

(3) Bluish white clay, with Bome included masses of red clay in it 12 feet 

The latter reaches down to tide water. Lignite is very 
abundant in certain layers, especially in the form of flatteped 
branches, which lie with their longer diameters horizontally, as 
if they had been flattened by the pressure of the overlying beds. 
Leaf impressions are said to occur both here and in Eayre's banks, 
but none were obtained or seen at the time of our visits. This 
bank was opened three years ago. 

Back of the Hygienic Institute the bluff is estimated to be 75 
feet high, and the clay rises from the water's edge to a height of 
35 feet or nearly half way to the top. Above this there is sand 
and sandy clay in thin layers for 20 feet. In this latter bed the 
lavers of sand are from several inches to a foot thick, while those 
of the clay alternating with the sand do not exceed two inches. 
At the top there is the common, yellow sand and gravel of the 
countrv. 

The laminated clay and sand bed seen in this bank, i.s con- 
sidered the same as that which is cut in the clay pits at Kinkora, 
and which crops out under the clay marl, at White Hill and at 
Bordentown. Here it succeeds the stoneware clay, and ailbrds 
us a clew to the order of the several beds observed aloiii' the 
Delaware river. The equivalency of these beds with some of 
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those of the Raritan bay shore, between Morgan's bank and the 
Chesquake creek, has been discussed on page 225. 

West of Florence Heights some clay has been dug near the 
foundry wharf, on McNeel's lands. Here, and also west of this, 
on the point, the ground is low and descends gently to the river. 

At William Lanning's house, Florence village, the following 
were the beds cut through in digging a well : 

(1) Sand 7 feet 

(2) Moulding Band 4 feet 

(3) Chocolate-colored clay, growing Randy towards the bottom 8 feet 

(4) Quicksand at the bottom, 43 feet deep, which is about on a level with mean tide. 

A black, sandy clay is very commonly reported in well digging 
about Florence and Florence station, at depths of 15-25 feet 
beneath the surface. The sandy soil, and loose nature of the sur- 
face generally, at Florence and westward to the river, give no in- 
dications of the clay strata which underlie the whole district. 
From the point the course of the river is a few degrees west of 
south, but there are no clay outcrops, only the superficial beds of 
sand and gravel, and there is no bluff along the river. 

BBIDOEBOROUGH CLAT^ 

A little clay has been dug near Bridgeboruugh, on the Ran- 
cocas creek, in Cinnaminson township, Burlington county. 

Charles Hampshire's pits are a quarter of a mile east of the vil- 
lage, and near his residence. In the western pits, which are near 
the creek, there is only a thin covering of soil on the clay bed. 
The clay is 12 feet thick. It is red and mottled, some of it con- 
sisting of a mixture of red and yellowish-white masses. Although 
sandy it is a tough and strong clay. Under this there is a layer 
of white sand about a foot thick, and under that a sandy white 
clay, but the digging rarely gets deeper than the sand layer. 
The red clay is sold to terra cotta manufacturers and to iron 
works, at $1.50 to $3.00 a ton. The eastern pits are also in the 
low ground, but a few feet above tide level. At these a sandy 
white clay is dug. Over this there is a sandy clay, streaked with 
yellow dirt, and a layer a foot thick of black clay, making alto- 
gether 5 feet of top dirt. The clay bed rises slightly going back 
in the bank, towards the house, where the surface is not over 12 
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feet above tide level. These pits were first opened about four 
years ago. 

Joseph AvsiirCs pits are one mile east of those of Hampshire, 
and also close to the south bank of the creek. No digging has 
been done lately, and the locality has not been visited. The clay 
was described as light-colored, sandy and suitable for some kinds 
of pottery. 

Current rumor says that there is clay on the Austin farm, west 
of Bridgeborough. None has been dug. The surface of the 
country on the south side of the stream, about Bridgeborough and 
west to the Delaware river, is very sandy. The highest points 
are not 20 feet above high water mark, and the slopes are all very 
gradual, so that there are no favorable outcrops or natural sec- 
tions. These clays at Bridgeborough resemble those of Florence 
Heights, and they belong in the plastic clay formation. Their 
location, west of the outcrops of the clay marls and on the line 
of strike of the clays, shows their relation to the latter in general, 
although it is impossible to determine more precisely their true 
geological horizon in the clay series. 

hylton's banks. 

These banks are on the south of thePensauken creek, in Cam- 
den county, and one and a quarter miles south of Palmyra. 
The blufif here along this stream is about 80 feet high, and in 
this, from the Pennsylvania railroad bridge eastward to the wagon 
bridge, the strata are very finely exposed to view. The general 
northwest course of the creek is at right angles to the strike of 
these beds, or across the clay formation, so that following it up 
stream, the older, and then the newer and higher beds, are 
crossed. At the west end of Hylton's bank the clay bed is almost 
wholly above tide level. On the Morris property, east of that of 
Hylton, it is all below the same level. But there is much varia- 
tion here, not only in the thickness of the several strata, but also 
in the order of arrangement of some of them. Hence no general 
vertical section is applicable at all points. The following is the 
order most commonly observed, and the thicknesses of the indi- 
vidual beds: 

(1) Yellow Hand (for moulding) 4-o foet 

\^1) Yellow loam and gravel 0-12 fett 
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(3) Yellow fire sand 20 feet 

(4) Fine white sand (kaolin) 12 feet 

(5) Clay (white and red) 8-20 feet 

(6) Fire Rand, or kaolin 8 feet 

(7) Claj and sand, in alternate layers, at the bottom 

This order is, as stated, not persistent throughout the bank. 
In some places there are gaps, and in others some of these are 
replaced by beds of a different character. The gravelly earth 
next under the sand, at the top of the bank, is very firm and 
solid, consisting of quartz pebbles mixed with a little yellowish 
red clay. When wet it is quite sticky, but dries like a stone. 
It is thrown down through chutes to the dock level, at the foot 
of the bank, where it is loaded on vessels, and shipped to foun- 
dries for moulding in large castings. It is also used in making 
walks and roads, for which it is an excellent material. Its price 
ranges from 75 cents to $1.00 a ton. The yellow sand, under the 
gravel (3), is nearly all quartz, mostly fine-grained. There is a 
little coarse-grained in some of the layers. It goes to the fire 
brick works as fire sand. 

The next bed (4) is also nearly all quartz and sharp-grained. 
There is a little mica in it. An analysis shows its principal con- 
stituents to be represented by the following per centages : 

Alumina 6.60 

Quartz and combined silicic acid 91.80 

Potash 0.20 

Water 2.20 

Total (determined) « 99.80 

It is said to stand fire well, and is used in fire brick, Ac. 

The bed of clay ranges between 8 and 20 feet in thickness. 
All of it is sandy, but this sand is very fine grained. It is hard 
and solid and breaks with an irregular fracture. Its specific 
gravity is 2.052 — 2.101. Most of it is white, sometimes with a 
pinkish tinge, but in places it is reddish, or variegated red and 
white. The red is more common at the west end of the bank 
and often runs out as the digging gets further in the hill, as if it 
had come from the surface. The composition of the clay, accord- 
ing to an analysis of an average specimen, typical of the bed, is ; 
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ANAIiTSIB. 

Alumina and titanic acid •. 18.11 

Silicic acid 17.50 

Water (combined) 5.60 

4L11 

Silicic acid (sand) 66.80 

56.80 

Potash 0.76 

Soda 0.20 

Lime 0.11 

Magnesia » 

Sesqui-oxide of iron 1.09 

Water (moisture) 0.40 

2.56 



Total 100.4 



i 
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The percentage of quartz sand is large. The oxide of iron, 
lime and potash, separately, exceed slightly the average amounts 
of these bases found in the best clays of Middlesex county, as 
can be seen by reference to the tabular statement of analyses in 
Part IV, on economic uses of clays, but they are not so large 
as in the other clays along the Delaware river, and not sufficient 
to prevent its employment in making fire brick. This clay is 
largely used at Trenton by 0. 0. Bowman & Co. in the manufac- 
ture of fire brick. Some of it is sent to Bethlehem, Pa., for 
retorts and condensers in zinc furnaces. Besides these it finds 
other customers and some additional uses, as in stove tile and 
flues, chimney tops, garden vases, &c. But none of it has been 
found to burn so as to hold the slip for terra cotta ware. The 
prices range from $2.50 to $3.00 a ton. * 

The kaolin under the clay bed is not often dug, as it is low and 
under the water. It is sold for fire bricks and to rolling mills. 
Under this at the west end of the bank there is a bed, consistini; 
of thin, alternating layers of white sandy clay and sand. The 
vertical section of this bank, according to a letter recently 
received from the proprietors, included the following beds : 

(1) Moulding sand 4-5 Art 

(2) Moulding gravel (clayey) 4--0 iVtt 

(3) Loose gravel 
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(4) White sand, sharp sand and kaolin 2-20 feet 

(5) White and mottled clays 7-23 feet 

(C) Fire s&nd8j feldspar and quartz 

Sometimes there is a stony layer on the top of the kaolin (4). 
It is mixed in character and apparently a layer or thin bed of 
boulders. 

Woody layers are occasionally seen in the kaolin. The quartz 
in this latter is very iBne and uniform in size of grain, and 
angular. Fragments of sandy clay and a few mica scales occur 
in it*. Some of it looks clean and of uniform size, fitting it for 
glass making. 

The lower fire sand, found under the clay bed is coarser- 
grained containing pebbles and angular masses half an inch in 
diameter. Part of this layer is a mixture of quartz and yellow- 
ish white sandy clay. The quartz appears in sharp fragments 
and as pebbles and these are from J to J inch in diameter. It is 
called feldspar. But it is liiuch finer grained and more sandy 
than the so-called feldspar of Middlesex county. It is used as a 
fire material in rolling mill furnaces. 

No boring has been done to determine the strata below these, 
here described. In the kaolin or sand bed, over the clay, veins 
of very rich, fat clays are often met with, from the thinnest film 
to layers an inch thick. Rounded, ball-like masses of clay are 
also common. These abrupt changes in material are evidences of 
very sudden chatiges in the period of formation. And this bed 
may belong with the higher, gravelly and sandy beds, to a much 
later geological epoch, possibly to the later drift, or even post- 
glacial age, and not to the clay series. A curious phenomenon 
observed in this bank are vertical, cylindrical, or tubular masses 
of kaolin (pipes) several inches in diameter, or smaller, running 
through the clay bed, as if holes in the latter had been filled by 
the material of the succeeding and higher bed. 

In working this bank, gunpowder is often employed to break 
ofl* and throw down large masses of clay, &c., upon the level 
below. Thence it is easily wheeled on board of vessels at the 
docks. This bank very favorably situated, having a navigable, 
tide water front along the whole length of the working face and 
vessels of 200 tons burden can lie close to the shore. Then 
there is very little pitting or digging below the level and conse- 
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quently no pumping expenses, or raising of water in any way. 
And all the materials above the clay bed are thrown down 
directly into the carts, or blasted off and so loaded. These facili- 
ties for easy handling and nearness to navigation and railroad 
enable the proprietor to utilize very much more of the upper 
gravel and sands than would be possible in many banks. The 
materials go into market as " Pensaukeii Creek clay and kaolin.*' 

CB.A8.' morris' CLAT. 

East of Hylton's bank the same bluffer bank continues on 
the property of Charles Morris. The clay is deeper than on 
Hylton's lands. No openings have been made, but the clay out- 
crop can be traced up stream as far as the old distillery site. 

These clays of Florence Heights, Bridgeborough and Pensauken 
creek are, it may be observed, along lines of denudation where 
the Delaware river and the Rancocas and Pensauken crooks have 
worn into and through the beds of drift, exposing the underlying 
strata of clays, sands, Ac. And these openings are where nature 
has thus laid bare these valuable materials and made exploration 
almost unnecessary. It is not to be supposed that theso stroanis 
have any connection with these beds, beyond such as accidontally 
occur in the drainage, and consequently there are good reasons 
to suppose that these beds are found in the intervals heiwceu tlioni. 
In these intervals the drift sand and gravel has covered tlio clays 
and associated strata more or less deeply, and in tho iibsenco of 
exploration by boring or digging they have not boon found. 
The slopes to the Delaware river and its tributary stroanis are 
generally very gradual, and hence there are no breaks in the 
drift mantle or covering. Borings and diggings for testing tliese 
apparently barren intervals could be made easily and ohea{)ly; 
and a judicious choice of location where the drift is light and in 
the lower grounds, will most certainly add to our nunibor of c lay 
localities and our knowledge of the geology of this part of the 
State. 

The above mentioned statements apply equally well to the low 
and flat country bordering the Delaware river in Camden and 
Gloucester counties. The slopes of the upland are very gontlo, 
and there are wide meadows along most of the streams in the 
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limits of the tide water district. Outcrops of clay have, how- 
ever, been observed at a few points. 

BED BAKK CULY. 

On the United States government lands at this place and on 
the bank of the river, a tough, white and sandy clay is seen at 
low tide in the gently sloping bed of the stream. The locality is 
a few rods south of the battle monument. No digging or explor- 
ing work of any kind has been done here. 

BILUNOSPORT CLAY. 

Clay is dug on B. A. Lodge's lands one and a quarter miles 
south of Billingsport, Gloucester county. The opening for clay 
is in the upland bank or river bluff, which has an average height 
of 20 feet above high water mark. The strata exposed are : 

(1) Sand and gravel 10-17 feet 

(2) Yellow clay 2 feet 

(3) Potters' clay 10-12 feet 

(4) Yellow clay 1 foot 

(5) CoarBe white gravel at the bottom 

« 

This clay is dark colored. Near the top of this bed there are 
some lumps of lignite. Towards the bottom a little pyrite is some- 
times observed in it. The best of it is quite sandy. An analysis 
shows the composition to be as follows: 

ANALYSIS. 

Alumina and titanic acid ^ 15.00 

Silicic acid 16.20 

Water (combined) ^ 7.70 

38.90 

Silicic acid (sand) 56.00 

56.00 

Potaah 1.68 

Soda 0.39 

Lime 

Magnesia 0.32 

Sesqui-oxide of iron 1.20 

Water (moisture) « 1.10 

4.69 

Total 99.59 



I . 
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The sand makes up a little more than half the weight. The 
per centages of iron oxide and alkalies are quite large, and enough 
to render it fusible at a high temperature, and, therefore, unfit 
for some uses as a refractory material. 

The clay is wheeled from the bank to vessels of light draught, 
or such as can lie near the shore, and sent to potteries as a pot- 
ter's material. A short distance southwest of this, in the flats in 
the river, clay has been seen, probably of the same bed as that 
of Lodge's diggings. It is also reported as found in a well at a 
neighboring house, near Mr. Lodge's residence. 

BRIDGEPORT CLAT. 

This locality is near the Raccoon creek, one mile south of 
Bridgeport, in Gloucester county. It is on lands of James Kirby. 
This clay is yellowish-white and tough. None of it has been 
dug lately. There is said to be a large amount of it. This is 
the most southwesterly clay locality in the State. 

Neither this nor Lodge's clays appear like those further to the 
northeast. And both may be more recent than the latter. With 
so limited outcrops, and so far apart, it is difficult to generalize 
with much certainty. More exploration and larger opening of 
these places are necessary to determine their geological relations, 
as well as their extent and practical value. 

Beyond Bridgeport, southwest, the country along the river is 
low, and descends gradually to the tide water creeks and the 
river. Meadows border these, excepting a few points, as at Penn's 
Grove landing, Church's landing and Pennsville,in Salem county> 
where there are low banks of upland. It is not known tliat any 
valuable clay has ever been found in this belt of country along 
the river. The wells are shallow, and apparently not deej^ enough 
to get through the drift. The Delaware here flows in tlie clay, or 
between it and the gneissic rocks, which crop out on its western 
shore as far south as Wilmington. South of the latter place the 
clay formation appears on the west of the river, and its beds 
crop out at several points in Delaware. Christiania creek runs 
along its northwest border, and the southeastern follows near the 
line of the Delaware and Chesapeake canal. Both wliite and 
red clays crop out in the bank, and in the bed of the river about 
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three miles south of New Castle. A considerable amount of clay 
was formerly dug here for pottery manufacture. Some of it was 
used in making glass pots in West Jersey. These clays resemble 
the best clays of the belt along the Delaware river in New Jersey, 
and in character, as well as in their relations to the adjoining 
greensand marl, on the southeast they appear to belong to the 
same formation and to be the southwestern extension of the clay 
belt of New Jersey, which has here been described in its out- 
crop across the State, and along the river from Trenton to 
Bridgeport, or to Red Bank. 
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CHAPTER III. 
CLAYS OF SOUTHEASTERN NEW JERSEY. 

As no geological classification or arrangement of these clay 
localities of the southeastern part of the State is possible, they are 
here described according to a geographical order, beginning at the 
northeast and proceeding south and southwest. 

CLAT AT Bennett's mills. 

Near Bennett's mills in Ocean county, there is an outcrop of 
white clay on lands of Charles H. Appleget, lying near a tributary 
of the Metedeconk creek and not far from the latter stream. 
Specimens selected by Mr. Appleget and sent to the office of the 
Geological Survey are tough and plastic, but quite sandy and a 
little streaked with reddish and yellowish earths. The locality 
has not been explored sufficiently to test the size of the bed un- 
covered so near, the surface of the ground. 

BBICKSBURO TRACT. 



On this tract clay is dug near the old Seven Stars hotel and 
made into red brick. This is a very stiff, tough clay, and most 
|i of it of some shade of yellow or red, although some of it is 

said to be white. There is on it a bearing of earth, gravel, 
&c., 4 feet thick. It is possible that selected clay of these pits 
could be used for pipe or some kinds of pottery. 



TOMS RIVER CLAY. 



From Bricksburg to Toms River there is a belt of elay land 
quite in contrast with some of the more sandy surface east and 
west of it. Some gravel is mixed in the surface layers of this 
belt. A clay for red brick is dug one mile north of the village, 
at Dubuisson's brick yard. There is here an average tliickness 
of 13 feet of clay covered by sand and gravel 4 feet thick. This 
clay is dark drab-colored and sandy, resembling somewhat tlie 
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astringent earth called " rotten stone," which occurs on top of the 
upper marl bed in Monmouth and Ocean counties. It is said to 
burn light colored. But little of it has been used, and the 
bricks made of it are not very strong and do not command a 
ready market. By sorting, some clay could be got here which 
would make pipe. 

East of Toms River a yellowish white bed of clay having a 
maximum thickness of three feet, appears in the bluflf on the 
south side of Dillon's island. The bluff is 35-40 feet high and 
this clay is at a height of 25 feet. It is interstratified with sand. 
These strata dip gently towards the southeast. 

STAKTON TRACT. 

On this tract three miles west of Toms River and near Sunken 
Branch some digging and boring 10 feet deep brought up yellow- 
ish white, sandy clays. These were found in two layers, each 18 
inches thick and separated by sand. Clay, in thin layers, is said 
to occur on the same tract near the Bowman place. Borings 
15-25 feet in depth, made by Ex-Sheriff Ivins, at many points 
on this tract did not discover any clay beds of value, although at 
one point a tough blue clay was found 10 feet thick. Sands and 
gravels were the prevailing strata encountered in these explora- 
tions. 

It would be easy to increase this list of localities where such 
thin layers of clays, more or less sandy and earthy, could be 
found, or are already known. Their uncertain and limited 
extent and generally inferior, or worthless character, excepting 
as red brick material have rather prevented explorations which, 
proper!}" conducted, might have led to discoveries of some beds, 
or deposits of more value. These clays already known, appear 
to belong with the sands, gravels and sandy earths to the drift 
which constitutes the surface material over so large an area in 
this part of tlie State, excepting the tidal meadows, the alluvial 
deposits of the swamps and the more recent sand dunes that 
follow the coast line. 

larrabee's brick clat. 

This clay is on the line of the New Jersey Southern Railroad, 
one and a half miles northeast of Whiting's station, in Ocean 
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county. It is yellowish red in color and covered by a thin bed 
of gravelly earth. The brick yard here uses it in making red 
brick. 

CXAY AT MOUNT MISERY. 

Near Mount Misery, one mile south of Hanover station of the 
New Jersey Southern Railroad, Burlington county, clay was 
formerly dug for making the brick used in the furnace at 
Hanover. The pits are near the old Brown's Mills road and 
about a half a mile northwest of Mount Misery. They are 
* nearly filled up by the sand and earth of the suface and none of 

the clay can now be seen without digging. At the village a red 
i l|[ brick clay was dug in the south bank of the stream. It is very 

sandy. An outcrop of red clay was seen near the old pits, west 
of this point. Exploration hereabouts might discover clays of 
some value, better than those once dug here. 

TOWKBEim's CLAY, WHEATLAND. 

A pipe clay is dug by E. N. & J. L. Townsend one and a quarter 
miles southeast of Wheatland Station, Ocean county, near the 
boundary line of Burlington county. The strata seen in these 
pits are described as follows by Mr. Townsend : 

(1) Gravelly sand and clayey sand 7-10 feet 

(2) Black, eandy clay, full of lignite and pyrite 1-4 feci 

(3) Blue pipeclay 8-S feet 

(4) Reddish -yellow, sandy clay 2-8 feet 

(5) Sandy earth with some clay lumps (locally called a kaolin) 2-3 feet 

(6) Sand with some gravel at the bottom 

In the top black clay, logs of wood (lignite) a foot in diameter 

have been found. Mr. Townsend has applied this clay as a 

* fertilizer on sandy ground and observed good results from its use. 

It has been called a marl, but it is not properly such, but ratlier 
an amendment to the soil. It must be used sparingly, otherwise 
j the sulphate of iron from the decomposition of its pyrite is in- 

i » jurious. The blue pipe clay is sandy, the sand being very liue 

i grained. This layer is throughout very uniform in quality, 

i The reddish clay at the bottom is sometimes very thin. 
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A little of the sand or kaolin from the bottom and the bine 
clay mixed together, have been made into fire brick. But most 
of the clay of these pits is used in the manufacture of pipe and 
chimney tops at the drain pipe works of the proprietors at 
Wheatland Station. 

UNION CLAY AV0RK8. 

This locality and these works are four miles south of Wheat- 
land Station, Lacey township, Ocean county. In the south- 
eastern pits at this place there is a top inferior clay 8 feet thick ; 
then a micaceous clay and sand 4 feet ; then white clay 10 feet 
thick, and gravel at the bottom. In the pits north of the works 
there is at the top a gravel with yellow, loamy clay 4 to 9 feet 
thick, then a bed of white clay 10 feet thick, next a sand and 
gravel 4 feet thick, and at bottom white sand. These figures do 
not apply throughout, as there is some variation from pit to pit. 
In digging a well 62 feet deep at the works, the strata cut were 
reported to be : 

(1) Loamy gravel and clay 

(2) Clay 8-10 feet 

(3) (Travel (thin layer) 

(4) Good clay 2-3 feet 

(5) White Kand 22 feet 

(6) Sandy gravel at the bottom 

Borings made near the works are said to show that this deposit, 
or bed of clay, is at working distances from the surface, under 
about seventy acres of the lands adjacent to the works. Some 
of the top clay is reddish in streaks. It has been put into red 
brick. The best of the clay was used in the works, in drain and 
water pipes, for which it is mixed with some of the micaceous 
sand which is found under the clay bed. The pipe manufacture 
here was started in 186(3, previous to which date the clay was 
tried for making fire brick and common pottery. For the latter 
it answered very well, but for the former it was not sufficiently 
refractory. This use of it was abandoned. It appears to be 
better fitted to make stoneware than pipe. It has been tried in 
glass pots also, but alone did not answer. When mixed with 
German crucible clay it is said that it did well. 
17 
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The first pits here were opened about eighteen years ago, but 
the locality has long been known for its clay, which the colliers 
were accustomed to use in chinking up their cabins and for other 
such purposes. 

This deposit is on the high ground, or divide, between the head- 
waters of the streams flowing west to the Delaware river and 
those going east to the ocean. It is, at least, 150 feet above tide 
level. From its association with beds of gravel it appears more 
like a tertiary, or post tertiary, deposit, than of any older epoch. 

In the southeastern portions of Ocean, Burlington and Atlantic 
counties sandy clays have been found at a few points, but hardly 
fit for any other use than the manufacture of red brick. There 
are two or three such near Tuckerton. At one of these, on the farm 
of Joseph Nugent, two miles west northwest of the village, a very 
fine white clay, containing but little gritty material is found 
within two feet of the surface, and as Mr. Nugent states, is at 
least 7 feet thick. The size of the deposit, or the value of this 
clay, are unknown. As it is in a low, sink-like basin, it must be 
more deeply covered in the adjacent higher ground. This clay 
looks as if it might do for stoneware. The locality should be 
further opened and the clay tried, as it might be used for stone- 
ware, saggars or sewer pipe, and such manufactures at Tuckerton 
would have cheap fuel and labor, and be near good transporta- 
tion by land or water. 

A clay like the above is reported on Eayre Oliphant^s farm, 
about three miles southwest of Tuckerton. 

Conrad's clay pitsi. 

These pits are at Conrad, one mile south of Tansborougli, Oun- 
den countv. The Williamstown railroad runs a few rods west of 
them. The existence of clay here has long been known, and it 
lias been used at times by the people of the neighborhood as a 
ichitcwash for outbuildings, fences, &c. About seven years ago 
the first pits were dug for clay, to make pipe, and about that 
time works were erected here for the manufacture of pipe, terra 
cotta and fire brick. The pits go through a bearing of inclies 
to 3 feet, and then the bed of clay, 5 to IG feet thick. Under tliis 
latter there is white and yellow quartz sand. In some places 
there is a stony layer, from two to four inches thick, consist! ujl,^ 
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of sand cemented together by iron oxide, between the clay and the 
sand. James Conrad, the former proprietor of the pits and works, 
says that this clay can be traced for a mile southeast of his pits; 
he has found it at several points in borings in that direction. 

This cla}^ varies considerably in its appearance. Generally the 
best of it is at the bottom, near the stony layer. All of it is 
sandy, and some of it is mixed with earth in streaks. Its colors 
are bluish-white, buflf and chocolate shades. 

The chemical composition is expressed by the following analy- 
sis of an average specimen : 

ANALYSIS. 

Alaraina* 23.30 

Silicic acid 29.50 

Water (combined) 7.00 

69.80 

Sand ^ 34.50 

34.50 

Potash 1.77 

Soda 0.16 

Lime 

Magnesia 

Seflqiii-oxidc of iron 1.50 

Water (moisture) 1.60 

5.03 

Total 99.33 

These figures show that this clay cannot be refractory enough 
for the best fire brick. They indicate a composition like that of 
some of our best stoneware clays. 

The specific gravity, washed clay, is 1.853 — 1.929 ; sifted clay, 
1.8G6— 1.94G. 

All of this clay answers for pipe. Some selected lots were used 
in fire brick, but nothing was learned of their character. For 
some of the finer and ornamental terra cotta ware the crude clay 
is washed, sifted and pressed. The ware made of it has a pleas- 
ing and soft shade. Some of the statuary looks very well. For 
the latter, the unwashed crude clay can be used. The products 

* Including tliu titanic acid. 
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of the works are shipped over the Williamstown railroad, a side 
track running to the works. The thickness of the clay, the thin 
covering of soil, and the location so near the railroad, favor this 
place. 

This deposit, like those near Wheatland, Ocean county, is on 
the water shed, between the drainage towards the Delaware river 
and the Atlantic slope. Its geological place is uncertain. 
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CHAPTER IV. 
CLAYS OF NORTHERN NEW JERSEY. 

In the northern part of the State clays fit for the manufacture 
of bricks and tiles are found very generally distributed through- 
out the several counties and these supply the local demands for 
the more common grades. There are no such large and exten- 
sive beds, or large manufacturing establishments as in the plastic 
clay belt of the central part of the State. And consequently 
these deposits are of local interest and value. They are all near 
the surface and belong to the drift and the alluvial formations. 
Their description is omitted in this report and referred to the 
chapters on the surface in the " Geology of New Jersey," and 
other reports specially devoted to such deposits. 

Two localities of clay in this part of the State are here noticed, 
as they have furnished material for other and more valuable 
uses. These deposits or outcrops appear to belong in older rocks 
and to have resulted from changes produced in them by the 
long continued working of atmospheric and surface agents. 

The first of these localities to be mentioned is in a narrow 
valley one and a half miles southwest of Bethlehem, Hunterdon 
county. The following description of this clay appeared in the 
annual report of the Geological Survey of 1874, viz. : 

"The ridges on each side are gneiss rocks, and the bottom of 
the valley is also gneissic iti character, but just here the rocks 
have been so decomposed by surface agencies, that this clay is 
all that is left of the original rock strata. The clay was discov- 
ered two years ago by the owner of the property, Mr. Willever. 
For a short time, the place was worked by a company from 
Easton. Last spring it was reopened by the present owner, S. 
L. Shimer, of Phillipsburg. The clay is covered by a very thin 
bed of drift earth. Its thickness has not been ascertained, 
although a shaft thirty-three feet deep has been sunk in it. Two 
trial pits, one lower down the valley, and tlie other several rods 
west of the mine, indicate an extensive bed. The mining opera- 
tions consist of the single shaft, and a little digging at one side 
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of it. The clay is properly a kaoliri, being a mixture of white 
clay with a large percentage of very iBne white quartz, and 
paitially decomposed feldspar. Analyses of the crude material 
show a large amount of potash, with some lime and magnesia, 
I and a little oxide of iron. A trial of it made by a Trenton pot- 

tery firm, shows that it will not make porcelain ware, on account 
of the dark color from burning. • It would probably make good 
stoneware; and selected portions when washed, would answer 
well for paper facing. The company have erected a drying shed 
in which there is a washer, and at the side there are small vats 
I for the reception of the clayey liquid. The sand in this clay is 

I remarkably iBne, and that sorted out by washing, appears pure 

enough for some uses in the arts. Only a few tons of the washed 
clay have been sold, and this more for its introduction into the 
market, than as a regular business." 

Little work has been done since the above account was wTitten. 
Such kaolin clays or kaolins, resulting from the decomposition of 
feldspars in gneissic, granitic and syenetic rocks are found in all 
parts of the world, and most of the fine and valuable porcelain 
clays of England, France, Germany and some of those in our own 
country belong to this class, thus formed in situ from the rock. 
t The porcelain clay of the Hokessin valley, Delaware, is a notable 

3: example of this class of clays. From these statements it follows 

that wherever there is much decomposition of rocks containing 
feldspar, clays will be produced, varying greatly in character ac- 
cording as this change in the rock has proceeded to a greater or 
less extent, removing all the original potash and the excess of 
silica and making a fine clay, or partially carrying away these 
constituents and leaving an impute and inferior clay. The 
original constitution of the rock also determines in part the 
resulting product, rendering it more or less valuable as there may 
be more or less of foreign constituents in the rock mass. 
I Throughout much of the highlands and gneissic rock district of 

ij: the State, and particularly towards the southwest, in the western 

portion of Morris, in Warren, and in Hunterdon counties, the 
disintegration of the strata near the surface resulting in what is 
often termed "rotten rock," is a characteristic feature in the 
geology of these counties. The Bethlehem clay is one of these 
outcrops or localities of rock thus altered in appearance and com- 
position. Other localities w^here a little of such clay can be dug 
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are reported, but they have not been considered as suflBciently 
developed to be included in this report. That others of workable 
extent and of value may yet be discovered is highly probable, 
and careful searches, prudently carried forward, vnihin the limits 
of the gneissic and associated rock outcrop of the so-called Azoic 
formation of the State are advised. 

The other clay locality is about a mile north of Macopin pond, 
in West Milford township, Passaic county. The following de- 
scription of this clay deposit, written for the annual report of the 
Geological Survey, in 1874, is here inserted, inasmuch as there 
has been nothing done there since that account was published : 

** It was first worked about thirty-five years ago, by Moses 
Kinzey, afterwards by Mr. Wooley. But during the past twenty 
years nothing has been done. At present the pits are filled up 
by the surrounding earth, and the bank is so fallen down that 
there is no clay exposed to view. A little digging at the time 
of our visit in September last, cut through some thin layers of 
mottled (red and white) clay, which is apparently quite pure. 
A chemical examination of samples thus obtained, gave four per 
cent of alkalies, indicating the presence of some partially decom- 
posed feldspar with the clay, and showing it to be unfit for the 
ordinary uses of fire clay until it is washed. 

" The statements of residents in the neighborhood, and of one 
man who worked in the pits, are, that the clay occurred in layers, 
or beds, nearly horizontal and not exceeding two feet in thick- 
ness, and separated by thin strata of fine, white quartzose gravel. 
The banks, as now exposed, show that over this clay there was 
a quite thick covering of this quartz gravel, mixed with yellow- 
ish clay, and in places with a dark red sandy clay. The clay 
obtained from the pits was washed in works that stood near the 
pits, and then carted to Mead's Basin. It's use was not learned. 
This bed is very near the conglomerate outcrop of the Kanouse 
mountain range on the west. About four hundred feet west of 
it in the hillside a pinkish red bed of shaly rock was dug for 
red paint. On the east side of the valley the gneissic rocks crop 
out. About a quarter of a mile south, and near the farm house 
belonging to the clay mine lot, there is an old pit, in the sides of 
which a conglomerate, made up of quartz pebbles and a white 
clay, crops out. It is said tliat some clay w^as dug here. If so, 
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it would appear to point to this feldspathic conglomerate rock as 
the origin of this clay." 

No attempt can be made here to enumerate the localities in 
New Jersey where clay for red earthenware, for tiles, and for 
common brick can be found. A large number are known, and 
many more can undoubtedly be found by an inexpensive but 
judicious search. 

Bricks of excellent quality are made at Newton, in Sussex 
county. They are made from clay found there, and may be 
taken as samples of what can be made from the clays of the 
Kittatinny valley. These clays have been formed by the dis- 
integration and wear of the Hudson river slates. They are in 
quality like those on the Hudson river from Newburgh to 
Albany. And they may be looked for throughout Sussex and 
Warren counties wherever the slates are found. 

A large business has been done in the manufacture of bricks 
and drain tile at Flemington, in Hunterdon county. The clay 
is found in the immediate vicinity. It is evidently produced by 
the disintegration of the red-shale which is the prevalent rock 
there. Clay of the same origin is used in the manufacture of 
bricks at Somerville, Somerset county. 

A very large deposit of excellent brick clay is found near the 
Morris canal, at Singack, in Passaic county. A large quantity of 
excellent brick has been made at that place for Paterson and 
other towns on the canal. A large deposit of equally fine clay 
has been noticed about the flat country where the \Vliipj)aiiy and 
Rockaway rivers join the Passaic in Morris county. And another 
at the south end of the Great Swamp in Passaic townsliip. 
Morris county. The clay of these three localities is of compara- 
tively recent origin, and is probably a sedimentary deposit from 
the sluggish streams which flow near them. The last two men- 
tioned have not been worked. 

Near Hackensack there are also considerable deposits of briek 
clay, whicli have been extensively worked. The clay is j)lainly 
of modern and sedimentary origin. 

At Trenton there are extensive brick yards, and large numbers 
of common brick, and also of pressed brick of the best quality are 
made. The material used is the clav from the doeomoosed <rneiss 
rock which underlies it. It is the same material that is used in 
making the fine Philadelphia and Baltimore pressed brick ; and 
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it is specially liked on account of the fine color and accurate 
shape of the bricks made from it. 

The localities of the brick clays cannot however be further de- 
tailed. They are numerous, and sufficient to meet the require- 
ment of this most important though primitive art. 



Part III. 



COMPOSITION, PROPERTIES AND ORIGIN OF THE CLAYS, FELDSPARS AND 

KAOLINS. 

CHEMICAL COMPOSITION. 

The chemical composition of the clays, /e/cfopars and kaolins, 
occurring in the State has been given in many analyses in Part 
II. In the first chapter of Part II the analyses of the clays and 
feldspars of the Middlesex county clay district are classified accord- 
ing to their geological position. Thus the Raritan bed clays are 
represented by tables on pages 43 and 46 ; the Woodbridge bed 
on page 51 ; the feldspars on page 62; the South Amboy bed on 
page 67, and the stoneware clay on page 72. These analyses are 
of specimens dried at 212*^ Fahrenheit. The local descriptions of 
the same district include these tables and many additional an- 
alyses of clays, feldspars, kaolins and fire sands. But these are 
of specimens well dried at summer temperatures (in summer 
air) and they all show the presence of a small amount of 
moisture, or hygroscopic water. Such analyses are of economic 
value since they give the composition of the raw materials, in 
their natural state, after extraction and drying and when ready 
for use. They are of special importance and significance to the 
clay miner or dealer and to the manufacturer. And in the con- 
siderations regarding the uses of these raw materials, for ware, 
fire brick, drain pipe, building brick, alum making, paper 
glazing, (&c., &c., these analyses should be taken into account, 
since they show in some degree the value of these materials for 
special applications. They are important to the land owner and 
clay miner also, if they would know the value of their lands, or 
of the materials they would put in the market. No intelligent 
proprietor or manufacturer dealing extensively in clays can 
aflford to be altogether ignorant of the facts which such analyses 
give. The tables referred to above, indicate the general charac- 
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ter of the several geological beds. Hence their interest to the 
geologist. They may be studied advantangeously by the prac- 
tical man who desires a basis for comparisons preliminary to 
more detailed examination and study of localities. For conven- 
ience in using these analyses scattered through this report the 
reader is referred to the list in the index (see under " Analyses") 
and to the table of contents. 

The composition of the various clays, feldspars and kaolins^ 
which make up the strata or beds of geological formations, and 
further studied as minerals, aggregations of which form rocks, 
is here presented. It follows naturally the descriptions of locali- 
ties and of the materials as they occur. Here the analysis is 
studied with reference to the constituents and their chemical 
relations to one another. It is made to explain the constitution 
of the crude material and to exhibit both the essential and char- 
acteristic components and those which are foreign, or which are 
accidentally present. The crude clays are resolved according to 
these chemical determinations into their proximate and ultimate 
elements. By the former the mineral components are deter- 
mined and by the latter the chemical constitution is ascertained. 
For example, a clay may be separated into water, sand, mica, 
lignite, titanate of iron, kaolin ite, or clay proper. The last 
named is the essential constituent. Alone it is clay. The others 
may, one or all be wanting, that is they are accidents in the 
case. These several constituents, or minerals, can be further 
examined and resolved into elements, as silica, potash, titanic 
acid, alumina, &c. The complete chemical analysis gives these 
elements^ but does not necessarily indicate their relations to one 
another, nor give the proximate constitution of the clay. To 
get this there must be physical examinations, special tests and 
microscopical work. The composition is, therefore, learned 
Ij through the scientific study of the results of the chemical analy- 

]|; sis, supplemented by these particular examinations wliicli are 

made for the purpose of showing the mode of combination, i^c., 
&c. For the better understanding of these discussions and for 
easy comparison the analyses are computed upon the basis of 
100. That is, instead of taking the weights obtained in the 
laboratory and the totals of the determinations the sum is 
assumed to be 100 and the several constituents calculated accord- 
ing to the ratio between 100 and the sum obtained. By a simple 
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proportion the percentages of the several constituents are thus 
obtained. Since the difference between the totals and 100 seldom 
exceeds one per cent the calculated percentages do not vary 
much from the weights got in the original analyses. Only a few 
of the more full analyses of typical specimens are used in this 
part of the report. 

As has already been stated, the essential party or constituent, 
of clay is the kaolin, or kaolinite of mineralogists. This is a 
hydrous silicate of alumina. According to analyses of pure 
specimens, its composition is as follows : 

Silica 46.3 

Alumina 39.8 

Water 13.9 



100.0 



This composition is expressed by the chemical formula 
Alo O3 2Si O2 + 2H2 0. For comparison with this standard the 
following table of seven analyses of as many of the rich and 
purest clays from the Woodbridge and South Amboy fire clay 
beds is presented : 





1 


2 


3 


4 


5 


6 


7 


Av^ge. 




Silica 


42.94 
40.20 
13. 2 

0.41 
0.08 
0.10 

0.51 
1.43 
0.51 


44.22 
38.08 
14.10 

0.16 


44.64 
38.75 
13.05 

0.17 


42.55 
38.05 
14.79 

0.35 
0.37 


43.17 
39.67 
13.47 

0.48 
0.22 
0.20 


44.39 
39.48 
14.17 

0.25 


43.45 

38.84 
13.68 

0.26 
0.18 


43.62 
39.01 
13.87 




Alumina 




Water 






96.50 


Potash 


0.29 
21 


Soda 




Lime 








0.15 


MagncHia 

Ferric oxide 

Titanic acid 

Sand 


0.11 
0.91 
1.32 
1.11 


0.11 
1.15 
1.32 
0.81 








0.11' 


1.05 
1.42 
1.42 


0.46 
1.62 
0.71 


0.45 
1.06 
0.20 


0.87 
1.21 
1.51 


0.78 
1.34 
0.90 






1 


Total 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


'100.00 













1. Loughridge & Powers' fire. clay, Woodbridge. 

2. H. Cutter & Sons' fire clay, Woodbridge. 

3. H. Cutter & Sons' ware clay, Woodbridge. 

4. W. H. P. Benton's fire clay, Woodbridge. 
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5. E. F. & J. M. Roberts' fire clay, near South Amboy. 

6. E. F. & J. M. Roberts* selected paper clay, near South Amboy. 

7. George Such's washed paper clay, near South Amboy. 
Av. Average of analyses, 1-7. 

The sum of the averages for the silica, alumina and water is 
96.50. The calculation of the per centages of these constituents 
upon the basis of 100, gives : 

Silica 45.20 

Alumina 40.42 

Water 14.38 

Or, as compared with the percentages deduced from the above 
stated formula, there is a deficiency in the silica, and an excess 
of alumina and water. These differences might be explained 
by variations in analyses, which were made for technical uses, 
and not of specimens best adapted to yield data for formulas. 
Such variations might be expected under such circumstances. 
But an examination of each of these analyses shows like differ- 
ences in all. No. 6 was the richest clay of the seven, containing, 
after throwing out the insoluble silica or quartz, oxide of iron, 
titanic acid, water and potash, 98.04 per cent, of soluble silica, 
alumina and water. These computed for 100 are as follows : 

Silica 40.27 

Alumina 40.28 

Water 14.45 



100.00 



These last per centage figures differ very slightly from those 
of the average. They all show the excess of alumina above that 
deduced from the formula of kaolinite. An examination of the 
several analyses of the fire and ware clays occurring in New 
Jersey, was made to ascertain the proportion of the alumina to 
the soluble silica and water (combined), and the following 
classification was deduced : 

1. The constituents were in amounts approximately ex- 
pressed by the average as above given. In this class nearly all 
of the fire clays were found ; also, the porcelain, or ware clays. 

2. The constituents were not in the amounts as above expressed, 
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the alumina being in considerable excess. The so-called feld- 
ftparSf the potters clays of S. A. Meeker and B. A. Lodge, and 
probably others, and the fire clay of J. D. Hylton, Pensauken 
creek, belong in this class. Charles A. CampbelFs white fire clay 
is also in this groups 

3. The silica was found in excess. The clay of the island 
farm, and the stoneware clays of Middlesex county, belong here. 
Also Joshua Eayre's stoneware clay, Florence, and the fire clay 
at Conrad. 

These classes are not sharply defined, since the analyses show 
gradations from one to another, which cannot be more accurately 
classified. Examples of the first class have already been given. 
For the second, the following are presented : 





1 


2 


3 


Silicii 


19.46 

21.86 

5.89 

2.25 


16.65 

17.61 

6.35 

0.12 

0.21 


17.52 


Alumina 


18.14 


Water 


5.41 


Pota.'^h 


0.76 


Soda 


0.20 


Lime 


0.28 
0.24 
1.57 




MatrneBia 






Ferric oxide 


0.54 

O.ftl 

57.61 


1.09 


Titanic acid 




Sand 


48.45 


56.88 








100.00 


100.00 


100.00 



1. S. A. Meeker's potters clay, Woodbridge. 

2. Edgar Brothers* feldspar^ near Woodbridge. 

3. J. H. Hylton *s fire clay, Pensauken creek. 

In Nos. 1 and 3 the amounts of alumina are to be reduced, 
each about one per cent., for titanic acid. With these reductions, 
this constituent is relatively large in amount. Taking the aver- 
age for the three constituents, they correspond to the formula 
6AI2 O3 lOSioo + IIH2O. 

As examples of the third class we have the following analyses : 
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CHEMICAL COMPOSITION. 



I 



Silica ! 46.11 ! 

Alumina I 35.66 j 

Water , \ 14.891 

Potash ! 0.12! 

Soda , : 

Lime ■ 



29.67 

20.87 

8.61 

1.56 



29.29 

21.17 

6.72 

1.81 

0.18 



Magnesia .... 
Ferric oxide. 
Titanic acid. 
Sand 




100.00, 100.00 



0.22 

1.68 

1.00 

37.93 



100.00 



1. White clay from Island farm, Middlesex county. 

2. Stoneware clay, E. R. Rose's pits, Middlesex county. 

3. Stoneware clay, N. Furman's pits, Middlesex county. 

In No. 1 there is little foreign matter. The formula SAL O3 
llSi O2 + I2H2 0, expresses very nearly the relative proportions 
of the alumina, silica and water. Nos. 2 and 3 may be expressed 
4AI2 O3 lOSi O2 + 8H2 0. 

The examples above stated prove conclusively that the clays 
are not altogether uniform in composition, even after throwing 
out all the accidental or foreign constituents. Either the es.sen- 
tial kaolinite is not constant, or our clays consist of tins mineral 
mixed in varying proportions with other hydrous silicates of 
alumina. Inasmuch as the greater number of the rich rire and 
ware clays of the State, and also others which have been here 
examined, do correspond very closely to the composition and 
formula assigned to this mineral, the latter explanation is the 
more plausible. What may be the constitution of these other 
silicates is not evident from the analyses. The specimens 
analyzed were not all of a character to furnish data for the con- 
struction of formulas, or to determine with certainty the compo- 
sition of kaolinite^ but many of them were of remarkable purity, 
and the generalizations here stated rest upon determinations 
which do not appear capable of any other explanations. 

The excess of silica (soluble) may in part be due to the pre- 
sence of free silica. The separation of the free or liydrated 
silica was attempted in many of the analyses, but the results, 
although quite constant (ranging from .4 to 1.3 per cent, in the 
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fire clays), were not considered satisfactory, and were rejected. 
There is no doubt as to the existence of the silica in this condi- 
tion, but present analytic methods fail to determine its amount 
with accuracy. 

ACCIDENTAL OR FOREIGN CONSTITUENTS. 

The foreign constituents or impurities in the clays and so- 
called feldspars of New Jersey, are quartz and tUayiic acid in 
nearly all, and feldspar, mica, pyrite, lignite, oxide of iron, am- 
ber, carbonates of copper, vivianite, red-shale, and various earthy 
matters more or less widely distributed. 

Quartz has been found in all the specimens analyzed. It 
exists in all, even in the most fat and apparently gritless clays. 
The smallest amount determined was two-tenths of one per 
cent., in the paper clay of E. F. & J. M. Roberts' pits, near South 
Amboy. This is better expressed in a practical form by four 
pounds in a ton of the crude clay. The average amount in the 
best fire clays of the Woodbridge bed, Middlesex county, accord- 
ing to the table on page 51, is 5.07 per cent. But there is a wide 
range in the amount, as well as in the form, in which this con- 
stituent occurs. The stoneware cla}'s of Middlesex county con- 
tain between thirty and fifty per cent, of fine white quartz sand. 
The average size of the grains in these clays is 1-250 of an inch 
in diameter, and they range from 1-70 to 1-1200 of an inch. 

There are other clays, as that of Mrs. Clark's pits at South Am- 
boy, Lough ridge & Powers' extra sandy clay, and some of the 
clays along the Delaware river, in which the sand amounts to 
more than half of the mass. In these latter, and generally in 
the fire clays, there is considerable variation in the fineness of 
the sand. In some the sand is coarse-grained, from 1-100 to 
1-200 of an inch ; in others it is very fine, less than 1-250 of an 
inch. The fineness does not necessarily go with richness of the 
clay, as in Roberts' clay there are grains 1-70 inch in diameter, 
although few in number. More commonly there is uniformity 
in the size of the grains in the same clay, so that in the coarser 
grained there is a preponderance of a larger size, while in the 
fine grained there is an absence of coarse grains, and also of the 
more minute quartz dust. In ihQ feldspars the quartz occurs in a 
18 
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greater range of sizes, from dust to small pebbles half^n inch in 
diameter; and these latter are somewhat rounded on the edges, 
as if worn by attrition. In the clays the sand, as examined 
under the microscope, appears little rounded and of exceedingly 
irregular shapes — fragments of translucent to transparent quartz. 
Occasionally there is some yellowish and, rarely, a grain of red- 
dish quartz. The colorless, vitreous variety prevails. The sand 
is also evident in the greater specific gravity which its presence 
gives, as can be seen by reference to the table further on in this 
part of the Report. Scattering white pebbles of quartz have 
been observed in the bottom of the fire clay bed at Isaac Inslee's 
pits, near Woodbridge. This occurrence is exceptional. At the 
Neukumet bank. Sand Hills, the fire clay has some coarse sand 
grains here and there imbedded in it. As has been already men- 
tioned (pages 52 and 67), there are no sharply defined planes of 
division between the rich, or fat, and the sandy clays, but grada- 
tions through which the former passes into the latter and vice 
versa. They are not distinct beds, but variations in the same 
continuous bed. Masses of sand and very sandy and inferior 
clays have been observed in the rich clays. Long lenticular sand 
masses, consisting of clean white quartz, have been found en- 
closed in the clay. These occurrences are much like some of the 
horses of rock which are found in the ore beds of older forma- 
tions and like the association of the white crystalline limestone 
and gneissic rocks of the northern part of the State. 

Titanic Acid — In the* third annual report of the Geological 
Survey made in 1856, page 67, analyses of clays from Trenton and 
Burt's creek are given, containing each 1.4 per cent, of zircouia. 
These analyses made by Julius Koch were subsequently printed 
in the '* Geology of New Jersey," 1868. In the year following the 
publication of the latter, a revision of these analyses was made 
by Mr. Bogardus, and what had been announced as zireonia was 
found to be titanic acid.* These revised analyses appeared in 
the annual report for 1872. Later chemical examinations have 
found titanium in nearly all the clays, both foreign and >y'ew 
Jersey, wliich have been tested. 

*ln the oonrsi' of the r«M'XuniInatlon it wjts found that in the onliimry inethoil of :inulysis. h\ in-iti:,' 
the (lay \v:ih hisnlnimle of potash, dif^estiiig in wuler, lillerint; and bo'iliuK tljc liltiai* ;i.i pi • .ii itatc 
was ol)t:niii<l. 'I'lits seemed to .sIjow Him altftenoe of litiinluiu. Tlie followiiii; intti.ixi v ■ lii.ii 
ado|)t«'«l : 'IJh' rl;iy was dljfeste<l in liydrofiiioric and siilpluirio aoid^. Ww aluimii i. «Vr . w.i- \>y*- 
cipliatcd by aiiuiioiila. Miteretl, waslied and li««Hte'J in a sohiiioii of <• m-rir |H.t:L^li : ilu- in- >l;r'; ■ iiur- 
tlon coii^isrint; of iron and titanium wits col leoUHl on a lilter. luiriu'd nn<1 ilu'ii liistd hi hi-nlpi d.- (jf 
potash. Th«' fuN«'d ma^M was diKe>t«Hl in water: hvdrosulplnirle acid tras was piissi-<l il.roii_;ii tlie 
liquid to r«'duci' the iron and the li«iui<l wa« l>oile<i : tne t'.lan;uni was pre<U»itau <i. 
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The combination in which the titanium exists is not certainly 
known. By careful washing the most pure clay, as that of 
Roberts* banks near South Amboy, (in which the quartz is 0.2 per 
cent, and titanic acid 1.05 per cent.) a mixture of quartz and 
brownish black grains was obtained. These were not magnetic. 
Most of them w^ere of irregular shapes, and about of the same 
size as the fine (quartz) sand about 1-250 inch or .01 centimeters 
in diameter. This granular residue was digested in sulphuric 
acid and the filtrate analyzed. An average of two results gave 
the following percentage: 

InsoliiMc in sulphuric acid 43.49 

Alumina 4.04 

Ferric oxide 11.31 

Titanic acid 41.16 

Total 100.00 

The portion insoluble in sulphuric acid was further tested and 
found to contain a little soluble silica sufficient to combine with 
the alumina as clay, but no titanium. 

A third sample of clay was more carefully washed to ensure as 
nearly as possible a complete removal of the clay. The washed 
mass was digested in hydrochloric acid. A large portion of the 
iron and an unweighable trace of titanium were dissolved. The 
insoluble mass was heated in sulphuric acid, the liquid filtered 
and analyzed. The results this time were : 

Innoluble in sulphuric acid 77.97 

Alumina 2.05 

Ferric oxide 1.44 

Titanic acid 18.54 

Total 100.00 

A reasonable explanation of these results is that these black 
grains are titanic iron (jnenaccaniie) mixed with nigrine. Both of 
these minerals are found in granitic and gneissic rocks, and such 
rocks are supposed to have furnished the materials for the clay 
strata. Rammelsberg in his " Handbuch der Mineralchemie," 
S. 1008,* describes a compound containing of: 

*Froni GuinberM Gcognostlsche Btischreibuxig des Oat Bayerischen Grenzgebirgus, S. 'J20. 
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Titanic acid 89.49 

Ferric oxide 11.03 

Magnesia 0.45 

Total 100.97 

These proportions of titanic acid and oxide of iron are not very 
different from those given above. And its behaviour with 
cheraical reagents is very similar to that of these black grains 
from the clay. According to Rammelsberg this compound of his 
analysis from Barnau, in Bavaria, is nigrine, a variety of rutile 
mixed with menaccanite. 

The general occurrence of titanium in the clays of the plastic 
clay formation, and in nearly constant amounts is most remark- 
able. In twenty-one clays from as many different localities, it 
was found varying from 1.06 to 1.93 per cent, or excluding the 
maximum, the range in the remaining twenty was between 1.06 
and 1.63 per cent., varying much less than the quartz sand. 
These titanium compounds have been found in the feldspars and 
fire sands of the same clay formation. The3'' are evidently dis- 
seminated throughout all its beds. 

Feldspar and Mica occur in the plastic clay formation, irregu- 
larly distributed through the several beds. The feldspar is seen 
in some of the coarser clays, and in the fire sands, and in the so- 
called feldspar bed, but in very small fragments. It ap})ears 
much altered or kaolinized. This condition is very marked in 
the kaolin clay at Trenton, which is the "decomposed gneissic 
rock. The clays on the eastern side of the State do not apjiear 
to have any of this mineral in them, or if there, it is in minute 
fragments. The alkalies in some of these, as well as a ])art of 
the silicic acid and also of alumina, may exist in such particles 
of undecomposed feldspars. No examinations have been made 
to determine the feldspathic species. This determination nii^ht 
be interesting and suggestive, as relating to the origin of the 
clays and feldspar. Mica is a more common constituent in the 
l)eds of this formation. It gives character to the micaceous sand, 
commonly termed kaolin^ although in this material it does not 
amount in any case to ten per cent, of the mass. It occurs in small 
scales or flakes, rather unevenly mixed with the sand grains. 
The top white clay of the Middlesex county pits shows in wash- 
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ings the mica mixed with the quartz. And the potash in this 
clay may come from that source. As both of these minerals are 
fusible at high temperatures, their presence is undesirable in fire 
clays. 

Pyrite is a common constituent in many of the clays in the 
State. It is most abundant in the darker-colored and more sandy 
clays, rendering them, in many cases, unfit for uses to which they 
might be applied, were it not for its presence. It is so abundant 
in the laminated clay and sand bed over the Woodbridge fire 
clay bed, and also in the black clay overlying the stoneware clay 
bed, as to give character to them. In these, as also in all the 
dark-colored clays, both in Middlesex county and in the beds 
along the Delaware river, it is generally associated with woody 
matter, or lignite. The latter is very rarely seen in any amount 
free from pyrite. Its presence in the lignite beds of the upper 
part of the clay formation, near Chesquake creek and the Rari- 
tan bay, has been one of the most serious obstacle in the utiliza- 
tion of that fuel. It is also common in the black clays along 
the Delaware river, between Trenton and Kinkora. The clay 
diggers frequently refer to the pyrite as "sulphur," or as "sul- 
j)hur balls." It occurs in fire clays of some localities, and is re- 
moved by washing when in fine lumps distributed through the 
mass, or it is .cut out by hand when present in larger ball-like 
aggregations of crystals. In these clays it is not associated with 
lignite. The round "sulphur balls," as commonly known, are 
from two to five inches in diameter, and often partially decom- 
posed on the exterior, so that the outer portion or shell of oxide 
of iron encloses a centre of unaltered pyrite. Generally, such 
occurrences of spheroidal nodules are limited to certain horizons, 
or levelSj sometimes at the top, at others at the bottom, and when 
they are found in this way their removal is an easy matter — by 
catting them out of the spits as these are dug. Careful sorting 
and cutting, in this manner, obtains most valuable grades of fire, 
ware or paper clay, even from pyritiferous beds. (See pp. 192, 
198 and 201.) When clays, rich in alumina, contain considera- 
ble pyrite scattered through them, so that it cannot be cut out or 
sorted, nor profitably washed, they can be used by alum makers, 
and much of this grade of clay is thus utilized. The oxidation 
of the pyrite has produced copperas or sulphate of iron, which 
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is apparent in the inky or astringent taste frequently noticeable 
in some of the dark-colored clays, and occasionally observed in 
the white fire clays. The deep, brown color of water standing 
in and about clay pits, is owing to the presence cf sulpliates thus 
derived from the alteration of the pyrite. Since this mineral 
does not occur in sufficient amount to be workable as a source of 
sulphur, it cannot alone be utilized. And in the clay it is posi- 
tively injurious. At moderately high temperatures it fuses, and 
acts therefore as a fluxing agent. It is one of the damaging 
constituents, and its presence is altogether undesirable. Its 
occurrj^mce has been given in local descriptions of Part II, and 
for localities the reader may consult that portion of the report. 

Lignite. — This term has been used to designate the various 
forms of fossil wood which occur in some of the beds of the clay 
formation, and to which reference has already been made in the 
notice of pyrite. It appears as trunks and branches of trees. 
These are of all sizes up to logs three feet in diameter and many 
feet in length. The wood structure is still apparent, and brown 
to jet black in shade. The smaller branches and stems are 
generally flattened, as if compressed by great weight. They lie 
horizontally, or nearly so, in the beds. Impressions or prints of 
leaves are often found accompanying the wood. This lignite 
burns with a blue blaze, giving off an empyreumatic odor. As 
above stated, pyrite is commonly associated with the fossil wood. 
Exposed to the atmospheric air it soon cracks badly and falls to 
pieces, so that lumps, solid when freshly taken out of the pits, are 
soon ruined as specimens in mass. Nearly all of the dark- 
colored clays, and particularly the more sandy of these, contain 
lignite, or uoorf, as it is commonly known among clay diggers, 
either in very small fragments very uniformly distributed 
through the mass, or in the form of sticks and larger pieces more 
irregularly imbedded in them. In the upper part of the clay 
formation, and near Chesquake creek, beds of lignite one to four 
feet thick occur among the black clays and sands. For a fuller 
description of these lignite beds the reader is referred to the 
" Geology of New Jersey," and also to pages 74 and 75 of this 
report It is needless to mention localities, as they are almost 
everywhere in the area of the clay formation and they are 
referred to in the local details of Part II. The composition 
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according to an analysis made some years ago in the survey 
laboratory is, 

Gases (volatile hjdrocarbons)^ 50.2 

Coke (carbon) 34.6 

Ash 15.2 



100.0 



Its use as a fuel is, of course, restricted to its occurrence in 
workable masses. Elsewhere it is valueless. It cannot be con- 
sidered as injurious as it burns out and leaves the mass white 
and more open, or porous. The fire clays do not contain it, or 
very rarely. In the dark-colored to black clays it enters to the 
extent of seven per cent in some of them. These are generally 
used in pipe making. 

Oxide of Iron {Ferric Oxide), — The hydrated oxide of iron occurs 
ver}' generall)' in the clays and feldspars of the plastic clay forma- 
tion. The analyses of the white and fine ware clays indicate 
from .4 to 1.2 per cent of ferric oxide. Nearly all of it is readily 
dissolved by digesting the clays in dilute hydrochloric acid, 
which showsthat it.orthemostof it,existsuncombined and mixed 
with the silicate of alumina, or clay proper. And it is regarded 
as an accidental constituent or impurity. In none of the analy- 
ses of fire clays, or of the feldspars, has there been over two per 
cent., and generally it is about one per cent of the whole. The 
common, red brick clays often contain much more, although in 
these a part of the iron is combined as silicate with other bases. 
This oxide is supposed to be the coloring agent, or matter, in 
the various shades of red clays. The "spotted," or mottled 
clays, owe their variegated appearance to the iron oxide present 
in the red portions. The strange mixed arrangement of the 
colored clays in some parts of the fire clay bed has been referred 
to on pages 52, 67, 85 and 134. Some of the red clays have been 
examined and found to contain as much as seven per cent of 
oxide of iron. It seems highly probable, from the behaviour of 
our clays in analysis that a portion of the iron exists as a pro- 
toxide (ferrous oxide) and is combined with silica and other 
bases as a double silicate. When present to the extent of about 
one-half of one per cent, as in the best fire clays of the State, it 
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cannot be of much eflFect upon the refractoriness. * And it does 
not show in any discoloration in burning. When it amounts to 
three or more per cent, as in the red clays it appears to be inju- 
rious, as these do not stand intense heating. The removal of the 
iron by treating with acid has been suggested, but the practica- 
bility of such a method has not been proved, at least not upon a 
large scale. 

Amber {Succinite), has been found in small, nodular masses in 
the dark-colored clays at Isaac Inslee's pits, near Woodbridge, 
George Such's pits, Burt's creek, and at Ernst's mines, on 
Chesquake creek. The largest pieces which have been collected 
by the survey were not more than an inch in diameter. It was 
of dark yellow to reddish brown color. Its occurrence in the 
dark-colored, lignitic cla3's is an indication of vegetable origin. 

Malachite, or Carbonate of Copper, and Vivianite are among the 
rarest of these foreign constituents of the clays. These minerals 
have been observed, each in a single locality. They appeared 
as incrustations, or filmy coatings, on the fractured surfaces. 

Red-shale has been mentioned as one of the foreign constituents. 
Its occurrence is limited to the bottom of the lowest member of 
the plastic clay series — the Raritan bed and near the red-shale 
and sandstone rock of the triassic age. It appears in small frag- 
ments, and as shaly earth in the clay of two or three localities. 
Exce[)ting these occurrences, no traces of these rocks have been 
discovered anywhere in the beds of the clay formation. 

Sandy earths and loamy materials are found in places with the 
clays, not in one mass, mixed uniformly, but in streaks and 
irregular pockets and layers in the clay. Thej' can hardly be 
considered as parts of the clays, but rather as associated im- 
purities. In some cases these are superficial masses, or deposits 
of later age. 

MICROSCOPICAL EXAMINATIONS. 

A microscopical examination of some of the clays of the State 
as well as of some obtained elsewhere, was suggested by thepajjerof 
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Johnson & Bliake, " on Kaolinite and Pholerite/' in the American 
Journal of Science and Arts, II Vol , XLIII, pp. 351-361 (1867.) 
Their results, as therein presented, indicate the existence of a 
mineral of definite form and composition, and this was named by 
them kaolinite from the old and common word " kaolinJ^* 

Under the microscope this mineral appears in the form of 
transparent or translucent, rhombic, rhomboidal, or hexagonal 
plates, or scales, which are generally aggregated in irregular, 
curved and sometimes in fan-shaped, prismatic bundles. The 
same paper further indicates an intimate relation between the 
plasticity of the clays and their fineness, or state of aggregation 
in which the plates or scales are found. In sedimentary clays 
these are more broken and fragmentary, and there are fewer 
bundles than in the kaolin proper, or clays which have resulted 
from the decomposition of feldspar in place. Trituration, as rub- 
bing between the fingers, breaks up the bundles and the mass is 
rendered thereby more plastic than in its original state. The 
plates vary greatly, from .005 to .0001 of an inch in diameter. 

The examinations made for this report were with powers rang- 
ing from 200 to 800 diameters. Many clays, fieldspars and kaolins 
were examined, more particularly with reference to the nature of 
the foreign constituents associated with the kaolinite. The speci- 
mens were exceedingly diverse in character and embraced both 
kaolins and sedimentary clays of different geological ages. The 
hexagonal scales or plates, were found in nearly all of these 
specimens. Generally they were much broken, and the mass 
appeared largely made up of their fragments. Curved and 
prismoidal aggregates, or bundles of these nummular plates were 
more abundant in the kaolins than in the sedimentary clays. 
In some of the latter no plates were recognized. The following 
specimens are selected as indicating the range of the examination 
and the results. 

1. Washed, white clay from Bethlehem, Hunterdon county. 
This clay is simply the altered feldspar, in situ. 

Plates very abundant and small, many fragments. No bundles. 
These may have been broken apart in the washing. 

^TbtH word knoltn has been lued with much latitude, and Its meaning greatly perverted in variooa 
wayh. Originally from the Chinese kaolUiff or kau-lina. me&ninis high ridge, and applied to the 
pulveriKi^d rook employed in pottery— it has been transferred to the clays resulting flrom the decom> 
position or feld!(patbic rocks in slhi, and then to those which have been removed from the original 
locality and deposited in beds, or sediments of later geological formations. In New Jersey and on 
Staten Island it has been still flirtber used to deslgoate a micaceous sand. Wherever so used in this 
report it appears italicized. 
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2. Clay from Trenton. Another clay which is on the site of 
its origin, or very near it. 

Full of plates, mostly thin. Some rhomboidal but more irreg- 
ular in outline. 

3. Kaolin from Hokessin, Delaware. Decomposed feldspar, in 
place. Many very fine, thin plates ; some masses of nummular 
plates, or shapes. 

4. Paper clay, E. F. & J. M. Roberts, South Amboy. Very 
little quartz. Mass of fine particles largely made up of small 
discs or plates of irregular outline. A few of them were approx- 
imately hexagonal in shape. 

5. Blue fire clay, same pits as No. 4. This appeared much 
coarser than No. 4. Very few plates were seen in it. 

6. William H. Berry's retort clay, Woodbridge, extremely 
tough and plastic. Very small particles, No plates or bundles. 

7. Charles M. Daily's clay (Raritan bed), south of Bonhamtown. 
No plates or bundles. 

8. Clay from feldspar, Forbes' farm. Many plates, but very 
small. Prismatic bundles of nummular shaped plates also 
common. 

9. Clay from feldspar, Knickerbocker Life Insurance Com- 
pany's farm, Perth Amboy township. Much coarse gritty mate- 
rial. Many bundles of nummular shaped plates, but of less 
diameter than those of the clays. 

10. N. Furman's stoneware clay, Chesquake creek. Much 
quartz in grains of irregular shapes. A few thin plates. 

Among the foreign specimens examined were Chinese kaolin, 
which contained many small curved bundles, and kaolin from 
Aue, Saxony, in which fine plates and bundles were very abun- 
dant. 

These examinations appear to show the very general presence 
of the crystallized kaolinite, and, further, the connection between 
the plasticity and the state of fineness of the clays. The absence 
of well defined hexagonal plates or scales, and the abundance of 
irregular shapes or fragmentary plates in most of our clays ac- 
cords with their sedimentary character and their highly plastic 
nature. In this place it is proper to add that an examination of 
some of the altered /eZrfapar from Trenton, discovered nummular 
like shapes and some irregular (broken) plates. 

The subject has a practical application, and it is highly prob- 
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able that the microscope can be used to ascertain the degree of 
plasticity as depending upon the abundance, nature and state of 
aggregation of these crystalline forms, (kaolinite) in the raw 
materials. 

Microscopic examinations are also of value in the determina- 
tion of the foreign, or accidental, constituents of clay, that is, 
the minerals associated with the kaolinite. The field is very in- 
teresting both scientifically and practically. Want of time pre- 
vented the continuation of this work further. 

PROPERTIES. 

All the clays occurring in New Jersey are earthy, differing 
essentially from the hard and rock-like fire clays which are 
found in the coal formations both in this country and in Europe. 
Consequently they are mined or dug from their beds by the use 
of spades and grubbing hoes, and rarely are so hard as to require 
the use of a pick. They break with a dull fracture, often con- 
choidal or irregular in outline. When breathed upon they 
exhale a peculiar argillaceous odor. Moistened with water they 
form a pasty mass, more or less tough, according to a variety of 
conditions all of which are not certainly known. This affinity 
for water is strong, and the combined water is entirely removed 
only by intense heat. 

The density, or specific gravity, varies considerably in specimens 
from different localities, and in those from the same place accord- 
in y to their physical constitution. The following table of specific 
gravities of clays occurring in New Jersey exhibits the range of 
variation in this respect. It may be stated here as a convenience 
in using this table, that water is assumed as the standard of com- 
parison, and is represented as unity, or 1.000. It, therefore, a clay 
has a specific gravity of 2.000 its weight, bulk for bulk, is just 
twice as great as that of water. It may be added, as convenient 
in the practical application of these figures, that the weight of a 
cubic foot of water is 62.5 pounds. Consequently 30.4 cubic feet 
will equal one ton (2,000 pounds) ; or 15.2 cubic feet of a clay, 
whose specific gravity is 2.0, will weigh 2,000 pounds ; or, in 
another form, 1 cubic yard (27 cubic feet), will weigh 3,550 
pounds. With a specific gravity of 1,750, the average for the 
rich fire clays of Middlesex county, 1 cubic yard weighs about 
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3,100 pounds — or IJ tons. In practice it is found that a cubic 
yard of a clay a little sandy weighs about 3,30C pounds. 

The method of taking the specific gravity was as follows : A 
prism about an inch in length was cut out of the solid mass. 
This was covered by a film of paraffine and weighed, first in air, 
then in water. 

A few were taken in this way ; afterwards the prisms were 
placed in water, in a glass vial very little larger than the clay, and 
then weighed. No water was absorbed by the clay in this modi- 
fication of the method. 

By this method the openness, or porous condition, which affects 
the density, was taken into account. The ordinary method 
neglects this condition and the specific gravity as obtained, is 
that of the clay, sand, &c., or solid mass, without any reference to 
the space or interstices between the particles of solid matter. 

TABLE OF SPECIFIC GRAVITY. 

The arrangement of the table is geographical. The percentage 
of sand (quartz) appears in a second column, in the clays which 
have been analyzed and that constituent determined. 



Clays North of the Raritan River. 

William B. Dixon's best fireclay 

Loughridge & Powers* ware clay 

Lough ri dge & Powers' alum clay 

Loughridge & Powers' sandy clay (bottom of bed) 

William H. Berry's fire clay (for retorts)^ 

Salamander Works pipe clay 

J. R. Watson's fine sandy elay^ 

S. A. Meeker's potters (stoneware) clay., 

H. Cutter t?t Sons' fire clav 

H. Cutter & Sons' ware clay 

H. Cutter <k Sons' black clav 

Charles Anness & Sons' fire clav 

Philip Neukumet's fire clay 

Crossman Clay and Manufacturing Company's blue pipe clay 

\y. N. Weidener's white clay (Martin's dock) 

David Flood's mottled or "sjx)tted" clay 

David Flood's mottled or "spotted" clay (white portion) 

David Flood's mottled or "spotted" clay (red portion) 






Si 



I tt ;: N 

' ~ = t; 
'- X rt 



1.994- 

1.731- 

1.8611 

1.813- 

1.743- 

1.853- 

1.777 

2.047- 

1.704- 

1.70()- 

1.569- 

1.801- 

1.798- 

1.0S9- 

1.528- 

1.790 

1.778 

2.170 



-2.047 2S.S1 
-1.809, 0.50 



-1.897; 

-1.789| 6.51 
-1.941 



-2.077 
1.709 
-1.893 
-1.014 
■1.S04 
-1.814 



48.40 
1.10 
0.80 



••••••>•■ 



-l.()99 
•1.542 0.71 
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TABLE OF SPECIFIC GRAVITY. — (Continued). 




ClayB South of the Baritan River, 

Island Farm white clay 

James Bissett's red brick clay 

Savrc & Fisher's fire clav 

Sayre & Fisher^s (clay for front brick) 

Sayre & Fisher's common brick clay« 

Whitehead Brother»' blue fireclay 

Whitehead Brothers' red clay 

J. K. Brick estate, No. 1 fire clay 

J. K. Brick estate, No. 2 tire clay 

George Such'H (unwashed) fireclay 

George Such's b'lff (washed) clay 

George Siich's alum clay 

George Such's top (inferior) clay 

E. F. & J. M. Roberts' fire clay « 

E. F. & J. M. Roberts' paper clay 

E. F. & J, M. Roberts' common white clay 

FddsparB. 

Forbes Farm, W. N. W^eidner's pitp 

Edgar Brothers 

Stoneware ClaySy Middlesex County, 

E. R. Rose & Son's stoneware clav 

Otto Ernst's ntoneware clay 

Noah Furman's stoneware clay (Chesquake creek) 

Theodore Smith's stoneware clay 

Clays Along the Delaware River, 

Daniel South's saggar clay 

Joshua Eay re's clay, Florence Heights 

J. D. Hylton's fire clay. Palmyra 

B. A. Lodge's clay, Billingsport 

Clays Unclassified, 

Isaac Webster's, Ten Mile Run, Somerset county 

James Conrad's washed clay, Conrad, Gloucester county 

Joseph Nugent's clay, Tuckerton, Burlington county 

R. L. Shinier' .s (washed clay,) Bethlehem, Hunterdon county... 
Hokes>in, Delaware (washed clay)^ 



•c « g 

Pi 



1.578—1.610 

1.778—1.812 

1.667—1.705 

1.705—1.732 

1.860—1.882. 

1.837—1.883'; 

1.745—1.771 

1.760—1.773 

1.852—1.901 



e 
t 



0.50 



3.10 
27.80 



1 716 1 751 




1 530 1 571 




1.539 
1.660 
1.738 

1.723—1.742 
1 702 1 746 






0.70 
0.20 


2.321 
2.283 

2.129—2.151 
1.971—2.138 
2.012—2 022 
1.946—2.062 


58.40 
57.10 

37.10 
39.95 
37.85 


1.864—1.873 




1.981—2.023 
2.052—2.101 
1.S98— 1.917 

1.607—1.612 
1.803-1.961 


40.50 
56.80 

8.60 


1.827—1.864 


• 


1.523 1.579 




1.604—1.622 
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It will be observed that the variation in the density, corres- 
ponds in some degree with the percentage of sand, but this is 
not altogether the case, as there are differences aside from the 
admixture of sand. The specific gravity of quartz is 2.5 — 2.8, 
consequently the greater the proportion of sand, the clay being 
the same, the greater the density. Some of the dark -colored 
pipe and red brick clays are exceptions to this, although they 
are generally quite sandy. It will also be evident upon consid- 
eration, that clays which contain sand of various degrees of 
fineness, or exceedingly fine sand are more dense than coarser 
grained mixtures. In the former case the intervening spaces 
are smaller. In some of the clays the sand is almost dust fine ; 
while in others the average size of the grains may not be less than 
.01 inch in diameter. The clay itself, in some specimens, ap- 
pears more compact and dense, as, for example, the ware clay of 
H. Cutter & Son's, compared with the fire clay of the same pits. 
The older beds appear to be more dense ; thus, if there be any 
difference between the Woodbridge and the South Amboy fire 
clay beds, it is in the greater density of the clay in the former. 
The washed clays are all lighter than the raw, or crude clays, of 
the same grade. The table shows this in the clays of George 
Such and that of Bethlehem, as also the Hokessin, Delaware 
clay. 

For many purposes the density of a clay is an important ele- 
ment of consideration. When strong fire brick are needed, or 
glass house pots, a dense, solid clay is desirable. One of tlie 
superior qualities of the celebrated Stourbridge clay of England, 
and that from Coblentz, Germany, as also the Missouri elays, is 
their comparatively great densitj\ That of the first named is 
2.435—2.553; that of the Coblentz, 2.229—2.266; that of tlie 
Cheltenham clay, Missouri, 1.708 — 1.715 ; that of the Evans Mine, 
Missouri, 1.759 — 1.789. The nearest approach to these figures in 

our New Jersey clays, is that of Dixon's pits, Woodbridge. 

• 

Plasticity is another of the essential and important properties. 
By it is understood the capacity which a clay has of absorl)ing 
water and forming a tough, pasty mass. On drying, it harder.s, 
and when burned it becomes stone-like. The phistic ]>ro])erty 
lias been variously explained. Some opinions ascribe it to the 
impurities in the clays. But this cannot be, sinee clays equally 
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pure are not at all alike plastic. A large percentage of sand, 
which is non-plastic, may affect this property, and render a clay 
more loose and friable, but in moderately aluminous, or rich, 
fat clays, the greater or less admixture of sand does not appear 
to make any differences in this direction. The alumina has been 
regarded as the basis of the plasticity, and highly aluminous 
clays have been said to be more plastic than others contain- 
ing less of that element. Neither is this a satisfactory explan- 
ation, as some of those which are richest in alumina, are 
deficient in this property. The amount of combined water is 
another constituent in which the plasticity has been supposed 
to reside. Like the above, this also is not adequate to every 
case. There are marked exceptions to any of the above hypoth- 
eses. And it would be easy to cite numerous examples against 
any one of them. Chemical composition does not appear to be 
competent to furnish a theory which meets all cases and ex- 
plains the facts. The physical constitution must afford us the 
clew. And in this direction it has been stated that the fineness 
of the material, that is, of the kaoliniie^ or essential part, of the 
clay was so related to the plasticity that the one might be 
assigned as the cause of the other. To the unaided eye the clay 
portion presents no differences in structure. The accidental, or 
foreign constituents, as sand, oxide of iron, &c., manifest them- 
selves plainly either in their structure or in color, but the 
kaolinite is all apparently of the same texture — a homogenous 
mass. Microscopical examination is here necessary. And it 
discovers marked differences. Some clays appear to consist of 
well defined crystalline forms; others show a few of these in a 
mass of fragmentary shapes; others still seem to be wholly 
made up of irregular forms and exceedingly fine particles of 
matter. A satisfactory explanation of these different conditions 
is that the more finely divided clays are those which have had 
their crystalline forms broken up, either wholly or in part by 
the several agents that have moved them from the place of their 
origin to their present location, while those in which these forms 
still abound have not suffered the same constitutional derange- 
ment. Now, it has been observed that the former class of clays 
are more plastic than the latter. And a further observation is 
that by breaking up these crystalline forms and rendering them 
finer the plasticity was promoted. We know that in some of the 
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metals a tendency to crystallization reduces their tensile strength ; 
most notably in the case of iron; and it may be that the crys- 
talline structure of clay is somewhat analogous to the metals. 
Thus far there seems to be a close correspondence between this 
state, or condition and the property of plasticity, and it appears 
to be a reasonable explanation consistent with most, if not all, 
the facts. The microscopical examination of a few of the clays 
of the State, with reference to the investigations of Profs. John- 
son and Blake, of New Haven, given on pages 280-283. illustrate 
briefly some of the above statements. As corroborating this 
view, is the mechanical preparation of clays by variously knead- 
ing, grinding, or otherwise working up the mass, which appears 
to render them more plastic and better fitted for manufacture. 
The weathering of clays, by the action of rains, frosts, &c., is 
said to improve their texture and make them more easy to 
mould into desired shapes. This action of atmospheric agents 
may break up not only the lumps or spits as they come from the 
pits or mines, but to some extent the crystalline structure of the 
kaolinite as well, and thereby increase their degree of fineness and 
render them more highly plastic. 

One peculiar property of the clays of all grades and varieties 
is that when heated to redness, or until the combined water 
is expelled, they lose entirely the plastiu property. Burned 
clay, as for example, brick earth may again be wet up or become 
moist, but cannot recover the lost water of combination. In con- 
sequence of this the plasticity has been supposed to be due to 
the combined water, and the absence of this constituent is said 
to account for the want of it in burned clay. That the water is 
essential cannot be denied. It does not, however, make clear the 
very marked differences which exist in different clays in their 
degrees of plasticity. In these statements relating to New Jersey 
clays it must be understood that our clays are nearly all of a 
sedimentary origin, and are not properly kaolins, or porcelain clays 
in the sense in which those terms are used. The only clavs of 
the latter class are those found in the northern part of the IState. 
They are in, or very near the localities of their origin, and the 
j)arent rock from the decomposition of which they have resulted. 
The distinctions employed in the designations of the clays of 
Middlesex county, and of those along the Delaware river, as ware, 
lire, potters, stoneware and pipe clays, are to some extent inter- 
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changeable, that is some of the best clays may be applied in part 
to all these uses and receive names according to their several ap- 
plications. The names refer to uses, and these are quite as often 
determined by the demand as by their adaptation to the various 
uses to which they may be given. In Europe these terms generally 
imply special characters that mark them strongly as varieties. 
Here the clays of the same geological bed are often variously 
used. There are, however, marked characteristics in the materials 
of the same bed, or even pits sometimes, and these do to a great 
extent limit their uses, but the lines are not as sharply drawn 
between them as elsewhere. The clay of the stoneware clay bed 
is perhaps as definite as any. All are plastic, but not in the same 
degree; and all discussion of plasticity is relative to grades, not 
to absolute' distinctions of plastic and non-plastic. 

F\mbiliiy and Refractoriness, Inasmuch as clays are prepared 
for their most extensive and most varied uses by the action of 
heat, or fire, their behavior when subjected to the action of 
intense heat is the most important and decisive test which 
can be applied to them. According to the results of such 
tests they are very generally classified according to the several 
uses to which they are adapted. All clays which can be 
moulded into shapes can be baked and thereby made hard and 
solid approximating to stone. At moderatel}' low temperatures, 
as incipient redness, nearly all are infusible and to this extent 
their action in the fire is somewhat alike. But here the resem- 
blance or uniformity ceases. Beyond the facts of baking and not 
melting or fusing in a moderate heat, there is nothing common 
or characteristic of all. This degree of heat produces various 
efi^ects, depending in some degree upon the combinations in the 
clay. The first and great change in all is the removal of the 
moisture or hygroscopic water, and after that the expulsion of 
the remaining water, which is combined with the alumina and 
silica as a hydrom silicate of alumina. As has already been 
said the removal of the latter changes essentially the nature of 
the clay, permanently destrojung its plasticity. It further affects 
the mass by causing a shrinkage from the original shape. This 
varies greatly in different clays, dependent in part upon the 
quantity of water in the original clay, and also upon its consti- 
tution. Thus some clays \vhich are almost exclusively silicate 
19 



290 PROPERTIES. 

of alumina, that is, contain little, if any, foreign matter when 
baked, contract as much as one-quarter in linear dimensions. 
And in general the fat, or aluminous, clays shrink much more 
than the lean, or sandy and impure, clays. The change is essen- 
tially in the silicate of alumina and the percentage of this, or of 
the clay proper, is in part the measure or index of the shrinkage of 
the whole mass. The various foreign constituents, which are 
not destroyed by the baking heaij or remain unaffected thereby, 
as quartz sand, oxide of iron, &c., have no tendency to shrink 
and in the clayey masses counteract that of the silicate of alumina 
or clay proper. And their effect is proportioned to the amounts 
in which they may enter into the original composition. Conse- 
quently, when in quantity or in excess of the clay itself there is 
little shrinkage, and sometimes it may be entirely counteracted 
by the expansion of these fbreign constituents. Sandy clays 
therefore shrink but little, if at all ; in some cases they expand, 
and on cooling return to their original dimensions. Shrinkage 
manifests itself variously. It may be by a diminution in all 
directions and the baked mass may be as solid and free from 
fractures as it was when fresh from the mould. The change 
may be simply in bulk. The baked clay is not as long nor as 
broad nor as thick as originally. But a more common form or 
development of the shrinkage is in more or less fractures, 
cracks or checks, as these are sometimes termed. The very rich 
and pure clays, when baked, generally exhibit the shrinkage 
throughout in many little cracks and fractures. Hence the need 
and use of a non-shrinking material, as quartz, to prevent too 
great contraction and fractures, in other words to temper the 
mixture. The brick maker and potter have constant recourse to 
some such counteracting admixture in their arts. 

The baking process produces other changes in addition to the 
expulsion of water and the consequent shrinkage; and one of 
tliese is the combustion of the carbon and hydro-carbon coin- 
pounds of the raw clay. These exist in many clays, but in varied 
forms. Lignite, a hydro-carbon, is one of the most common in our 
clays of New Jersey. This is consumed in the fire, and its place left 
open in the burned mass. A result of such change is seen in 
the more open and porous condition of materials which, in their 
unburned state, contain some of these combustible constituents. 
The value of such fuel in the raw clay cannot be accurately 
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estimated. At low temperature it cannot be much, as then the 
volatile gases might be expelled without combustion, and their 
removal would consequently take up, rather than yield, any 
additional heat If volatilized, and then consumed in the kiln 
or furnace, they must contribute to the degree of heat, and in 
such cases be of value in practice. As some of our black and 
dark-colored clays contain from two to seven per cent, of such 
materials, they are not less valuable on this account. The econ- 
omy of fuel in such form and shape is also evident from the 
common usage of brickmakers in mixing coal dust with their 
clay and sand for the brick mixture. When present in the form 
of sticks, and large, irregular lumps in the clay, woody matter, 
or lignite, may be a disadvantage, causing vacancies and gaps 
in the products. Careful mixture, as grinding, &c., may obviate 
this evil. Another constituent affected by a moderate degree of 
heat is the pyrite (sulphide of iron.) This constituent, not un- 
common in sedimentary clays, is decomposed, its sulphur driven 
ofiF, and its iron oxidized to ferric oxide, or to a mixture of 
ferrous and ferric oxides. The escaping gases may produce 
other changes, both physical and chemical, which may be preju- 
dicial. These changes are not altogether desirable, although the 
resulting compounds are not so injurious as the sulphide of the 
crude clay. But they are unsightly, and mar the beauty of the 
baked products. Hence their removal before baking, when pos- 
sible, so as to avoid these after results. From these statements 
it will appear that clays of diverse composition must behave 
variously, even at moderately low temperatures, as that in ordi- 
nary brick making, or that of baking, as in the case of earthen 
ware. Differences in the original clay manifest themselves in 
the burning. 

More intense heat produces greater and more marked effects^ 
and some clays reach their fusing point and are melted. This 
temperature of fusion is not uniform for all, but varies somewhat 
according to many circumstances. Some clays remain unmelted 
at the highest temperature of metallurgical operations. They 
are practically infusible. This fire resistingor refractory property 
of clays, is the most remarkable and Valuable one which they 
possess. All of these terms relating to fusion are not absolute, 
since all clays can be fused before the oxyhydrogon blow pipe, 
and at a given temperature clays may be infusible, whereas when 
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subjected to a greater heat they would melt. They are limited 
to the degree of heat employed. This refractory property of 
clays is intimately connected with their physical nature or 
structure and their chemical constitution. Or in other words, it 
is dependent upon these, and the varying phases of the latter 
explain the differences in their behavior under like conditions. 

The physical constitution of clays has an effect upon the 
fusibility in several ways. The density and fineness of grain are 
important elements in the consideration. The finer grained the 
clays, the more fusible they are, other things being equal. 
Greater density arising from a more compact arrangement of 
constituents increases the refractory property. In this considera- 
tion the size of the grains of sand which enter into the composi- 
tion of most fire clays is important. Comparisons based upon 
these physical differences are not easily mad« as they are so apt 
to be associated with slight differences in chemical constitution, 
making the proper estimate of these several factors extremely 
difficult. Consequently the more prominent distinctions rest 
upon the 

Chemical constUution. As a starting point, it may be assumed 
that the basis of clays, hydrous silicate of alumina, is practically 
infusible. Before the oxyhydrogen blow pipe both this silicate 
and alumina can be melted. Quartz also is readily melted in tlie 
same way. But in the highest furnace heats of metallurgical 0})er- 
ations, alumina and its silicate, the basis of clay, are infusible. 
The clays whose composition correspond to this silicate are re- 
fractory. The variations from the normal composition as a 
standard are many according to the varying amounts of forei^^n 
matters which are mixed with the Icaolinile base. And they all 
have their effect, separately and collectively, upon the whole. 
Each one may be said to liave a particular tendency, which may 
vary according to its percentage of the mass. This statenunt 
shows how difficult it is to fairly estimate, or even in some cases 
to judge of the nature of the effect produced by these constituents 
in making any riven clav more or less refractorv. One mav 
neutralize in part another, or the presence of one may increase 
the tendency of another to injure the fire-resisting property. In 
consequence of the difficulty there is much difference of o])inion 
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regarding the nature of the eff'ects and their extent. Authorities 
both theoretical and practical are not altogether agreed upon 
many points. And so, too, theoretical considerations are not in 
all cases confirmed by practical tests and the results of work. 

The variation from the kaolinite composition (46.3 silica, 39.8 
alumina, and 13.9 water), may be by an increase of the alumina 
or a larger percentage of silica, due to the existence of other 
silicates. "That such do exist is certainly the case, if the above 
composition for the base (kaolinite) be accepted, chemical analy- 
sis shows that the relative proportions of the silica and alumina 
are not always expresed by the above figures. Hence the pres- 
ence of other silicates of alumina is inferred to explain the facts 
of analysis. It has been stated that the most aluminous clays 
were the most refractory. That is, the refractory property varies 
directly as the -alumina to the silica, other things being equal*. 
Whether this is equally true in the case of two or more silicates, 
and in a more basic silicate assuming a different composition 
from that above, is not known. As has been stated on page 270, . 
our clays are highly aluminous, and the alumina is in excess of 
the silica, to form kaolinite. An excess of silica is said, at long 
continued and very high temperatures, to favor the formation 
of a fusible silicatet- An examination of the analyses of this 
report appears to be in accordance with this proposition. The 
stoneware clays of Middlesex county, and those along the Dela- 
ware river, contain an excess of silica (see pages 271 and 300), and 
these are fusible clays. The percentage of potash and other bases 
may, however, explain their fusibility. 

The accidental or foreign constituents found in fire clays, and 
which aflFect their refractory property, are sand (quartz) and 
titanic acid, and the bases potash, soda, lime, magnesia and oxide 
of iron. In the analyses in Part II these are arranged in two 
groups, tlie quartz and titanic acid in one, and the bases here 
mentioned in the other. The latter are viewed as fluxing agents, 
while the former may be considered as neutral. 

Silica in the form of sand is infusible, excepting at very high 
temperatures. Practically it stands the fire in all ordinary fur- 
nace work. But it is not so refractory as pure clay or silicate of 
alumina. When associated with the alkalies, to the extent of one 
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or two per cent, each, it is sometimes made fusible, by the formation 
of a slag containing these bases, combined as a double silicate. The 
tendency of sand to slag, when brought in contact with bases, is 
well known to furnace men, and it is avoided in constructions 
exposed to such agents. It is valuable for tempering the rich 
clays and for special uses, but simply as refractory material, can 
not rank with the clay basis. Titanic acid is found in most fire 
clays, but rarely in amount above 1.5 per cent. In New Jersey 
clays it exists in the form of rutile, or a variety of this mineral 
with some titanate of iron. It is supposed, from its relation to 
silica, to act like sand or quartz, and not to be specially detri- 
mental to a fire clay. As it is always in such small amounts, its 
effects cannot be great either way. 

Oxide of iron may be in the clay uncombined, or in combina- 
tion with other bases and silica, or it may result -from a decom- 
position of sulphide or sulphate of iron, through the action of 
the fire. As to the degree of its influence upon the refractory 
property of a clay, there is some difference of opinion. Bischof 
in experiments with silicates of known composition and tests of 
various mixtures containing oxide of iron, lime, magnesia and 
potash, obtained the following results.* At the melting point of 
wrought iron the lime and the potash mixtures melted ; the 
magnesia partly melted ; the oxide of iron was unaffected. At 
most intense white heat the oxide of iron prism was rounded to a 
ball, and the one containing potash fused to a porcelain-like mass. 
In point of fusing tendency the potash was most active and the 
iron least so. An increased percentage of bases gave similar re- 
sults. It has been observed in the case of Stourbridge clays that 
none of them contain over two per cent. And when alkalies are 
absent, the iron oxide may be present to the extent of three per 
cent.f This experience agrees with the observations made on 
New Jersey clays. Those which contain three or more per cent, 
of this oxide, as some of the dark-colored, common brick clays, 
and all the red and spotted clays, are less refractory than the 
rich blue fire clays. All of them can be fused. It is, however, 
difficult to be positive upon this point, as these contain other 
bases also, and notiibly potash. 

Lime and magnesia also exert a fluxing influence. And ac- 
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cording to Richters, they are more active than potash or oxide of 
iron.* As the silicates of these bases are easily fusible, the ten- 
dency to the formation of such a compound would have its 
fluxing effect upon the clays containing them. The clays of 
New Jersey contain low percentages of these constituents. They 
have not in all cases been estimated, but in none of the com- 
plete analyses do they amount together to one-half of one per 
cent. In the best foreign fire clays they rarely amount to one 
per cent. 

Potash, — It is generally admitted that potash possesses the 
most active tendency as a fluxing agent. And this, as stated 
above, may be helped by the presence of other bases, as iron 
oxide, favoring the production of a silicate with two or more 
bases. Opinions differ as to the amount of potash which may 
be positively damaging in a fire clay. Snelus says that about 
one per cent, confers so much fusibility as to render them un- 
suitable at high temperatures.f Bischof found that four per 
cent, of potash, in a silicate of alumina, without any other bases^ 
could be fused at the melting point of wrought iron. The diflS- 
culty of accurate determinations of alkalies, has no doubt led to 
some confusion of opinions, as compared with the results of 
practice. Clays containing from two to three percent, of potash, 
are said to stand well at high temperatures. The most carefully 
made analyses of the more noted and best fire clays of this coun- 
try and Europe, do not generally show more than two per cent, 
of potash, and the greater number do not contain one per cent, 
of alkalies. So far as the clays of this State have been tried, 
those which are found to have one and a half to two per cent, 
and upwards of potash, have not proved to be good fire clays, 
and none containing over two per cent, are in use as fire clays. 
And yet they are otherwise rich and tolerably pure clays. The 
potash alone appears to explain their low refractory property. 

These statements indicate the effects based upon the chemical 
constitution, and from them it follows that chemical analysis 
does, to some extent, show the refractory property, or the degree 
of fusibility, of a fire clay. And from carefully made analyses, 
it is possible to draw some general conclusions regarding the fire- 

* Dingler*8 Journal, 191, .'». 

t Journal of the Iron and Stael lastltute. 1875, pu fiUL 
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resisting power of any given clay. Bischof has attempted this, 
and has constructed the following formula by which to test fire 
clays. It is based upon the general principle that a clay is more 
refractory the greater the quantity of alumina it contains in pro- 
portion to the silica and to the fluxing constituents. And an 
expression is obtained by dividing the quotient of the fluxes 
into the alumina, by that of the alumina into the silica.* This 
is a very simple formula to use, and it rests upon generalizations 
that are founded on practical observations and results. Know- 
ing the composition of a clay, its fire-resisting power, or refrac- 
tory value, can be readily ascertained. 

The following table of analyses, made in the laboratory of the 
Survey, is here presented as a convenient arrangement of facts 
for reference, and also as an illustration of the statements given 
above. * In it the constituents are arranged somewhat as in Part 
II. In the first column the silica, which is in combination, is 
given; in the second, the alumina; in the third, the water of 
combination ; in the fourth, the sum of these three constituents, 
or the essential elements of a clay; in the fifth and sixth, the 
titanic acid and quartz sand appear; in the seventh, the sum of 
these two; in the eighth, nine, tenth, eleventh and twelfth, are 
given the potash, soda, lime, magnesia and sesqui-oxide of iron ; 
the thirteenth gives the sum of these; the fourteenth has the 
hygroscopic water (moisture), fluxing agents. In the last column 
the total of the constituents determined, is placed. By this 
arrangement it is easy to use the formula of Bischof or otliors, 
and apply them to these analyses. In the appendix, additional 
analyses of foreign clays, by other chemists, are placed, for com- 
parison with those of this report. 

* Al^Oj , Si Qo 

KG ~Al2 08 
RO includes the bases, potash, soda^ lime, magnesia aad oxide of iron. Dingler*s 
Journal, 200; 110. 



TABLE OF ANALYSES. 



*«Sis?' ■*^"' 



(0SK>1I|M"1««M 



* I s 



i; *|^ * i i i!i 



S^Ri^ii^tlii 



a iS ; - |AP'!i"S". i 



i -^ 
■ -^ 

[TTl 



5! S 3a 



iisilil 

IS S d 



(^1 



TABLE OF ANALYSES. 





— ."'."ssssa. 


'iii 








a a a 

Hi 




s 




155 i 


inii 

5313- 
"5 2111 


-pi 




^"AVSS. 


15 j 




£S 




i55S 


IS! 




«'W4> nni, 


53|g 


i%ii\ 


331 




= 


COSjfl-IHMuHW 


1 i i 


1 
1 
1 

1 

■8 


ll-f 


■* 


! 


f 1 


s 


(■o«31 aoin 


j i 


1 


l;1 


- 


(« »«II) IPOS 


i j 
i i 


iS 3 = 

"ITT51 

"s a 511 


5S| 


f! 


■ 


l-0*X) qwoj 


S3i9 


S 9 5 

d d e 


- 




1511 


"ITI 


as 


- 


.'>.'."!, !'=. 


55? 


"5"! 


S s i 




- 


tmA™ 


is 


! 


ri 


^ 


,„„.3h!!. 


iii! 

8' a s.s 


ii^ 


11 i 


t .s 


ii^ 


5 5=3 




- 


»o '.r) 


isSiS 


si s 1 i : 

1555: 


eiSsi 




- 


,-,..„jaa. 




iSsi 


iSsS 






1 

1 
i 

I 


d 

2 


ft 




1- 

s u 


i 


ft 

i 

3 a 




frr 

<• !l C! 



TABLE OF ANALYSES. 



S S ! 


J s?S ! 




m' s 




m 




ISi 


1 1 1 1 " 



e s 3 s sitcarsg ! 

i i 6 i *l S r i 
sLI 



ii M 



S£g|fl|S«S8 

~^nra ^ 1^ 8 e a^er^ 



If" 


35S 


35 5 |5 






■ 1 P i 



t^ SriEiiSsi 



sSsSsii 



PI 

iJ 

3 s a 



1 


iSii fi" I 


"1 i 


^ 


SSMII i 


1 S 


1 


i-'m-' 


5 S 




llilp ; 


1-8 

ls5 i 




1 1 § ! 3 1=3 j .' 



J 

I 

iilijip 

•LijL>L 

Rung 



„' ^^^ 

2 8 8 3 8 *-Rr8_B 8_S 



III* » 



I M i f JJ I 






oi_*_H_a_* 



El 
s|Si 

5ESS 



i |s 

m 

jIll 
5111 



TABLE OP ANALYSES. 





eSKi OH aouduoBpioj 


Siii^l 








s 


™x 


ililiS 


ill 


S 8 
1 1 




s 


^«,i§.«».UV 


i 


|IS3S 




"5 S ! ! i 
















- 












» 


E>.Sfii:si. 


aasss? 




S 5 5 S 5 




„ 


(OSK) ■•[•"■••If 


a IS !3 1 


•s 


53 










i i 1 


^ 






^ 1 


2 


(o"3) ■*™n 


%■ I 13 1 1 


* 




















i 1 


- 


. (0».Mt -"POB 




|§S53 


^ 

■^ 


35S< 




g 1 


(o^s) -qmoj 


5 SO 5 5 




f 1 


-- 






■ 








1 


III 1 


353S3 


■ At'kts. 


! 


.iSII 


^ 


ssrsi 




- 1 ■ J^'i'^ 




if^l^f^f^ 


s 


1 ST> 3 








^8 


j 






i 


; s = 1 


S S B 9 1 


S S 


- 


1*-'* 


■5 




g^ 


- ,.„,..is.X 


Bifi 5 3 5 S 


.8 


S ! 1 5 S. 


6 


<-0,jjTl_ 


iBlejEislija 


1 


^ s 1^ iS ji 






is! 1 3 3 1 


^§§11 








t 




i 


i 


ii 


, 






1 = 
l"-- 


1 


i 
1 


•s 

|3 






m 

ill 

III 






S = S J = s 




h i z a ^ 










9 W 


i; 


» 




9 


S 5 


u 


s 



TABLE OP AKALTSES. 



infill 
TTTrri 



\'i i i 



fs^Hili^li^l 






P- li 3 ^ 



I ^ % v. 



S"5 5 S 3 S SS 
§ h: 2 5 fi a 5 3 






2 g 2 

IT! 



I i i 3 



g i i 



J_.! G -l..±J 



-lis 

^ ?! S 1 



!1£ e t, E a "83 
s s" a s s s 8""a . 



i II r: < S is 



■ ifii 

§ 8 a 5=5 

I 



Sit- lii 



i 



# i i III 

-_" - s: £ £ _ 

r; :? :■» ;^ a 9 



Si s i n 53 



Iff 1 
"J I 



^(5 Si f 



IJl^tl 



im p p |i ii iifi 



I 

» 
I 

ill 

5 llllilil 
«l|5il||l 



TABLE OF AHALTSBS. 





s 


41 aoiid|u»p iOi 








~n 






z 


^iJfli 


S 3 






s 




3 E 








•R'JMa 


S i 












Q 


s 


<o«o) -ioin 








r f' 


- 


(o"N) ■poe 










■ 


(0%) -trnoj 


S 


! 




- 




1 3 




si 


- 


'*OJ8) <To™ 






i& 


- 


^^'ou..^ 




I K 


, 




1 i 




ffl 


- 


(O^l 


i 5 










I i 






1 1 

llli 


; 
s 



TABLE OF ANALYSES. 303 

This table of analyses is valuable as a basis for comparisons 
and for further examinations and practical tests. The analyses 
were all made by the same chemist and under like conditions. 
Some additional analyses of foreign claya will be found in the 
appendix. At present it does not appear to be possible to estimate 
accurately or even approximately, from the results of chemical 
analyses, the fire-resisting power of all clays before they have been 
tested in the fire. This is evident from the table. From some 
of these analyses we should anticipate fusion of those clays, yet 
they are noted fire clays. Analyses need to be supplemented by 
fire tests, and these should be of the specimens examined. A 
couple of preliminary fire tests have been made with the speci- 
mens represented in the above table and some others. They 
were incomplete, and in the case of many specimens, indecisive. 
Want of time since the reception of many of these, and since the 
analyses were finished, has prevented the completion of this most 
interesting and promising series of investigations. The first 
trials were made in a crucible steel furnace, at the Newark Steel 
Works. The clays were cut in the form of tetrahedrons, seven- 
eighths of an inch on a side. The clays as they came irom the 
pits and mines, well dried at summer temperatures, were used in 
all cases where they could be cut easily and with regularity. 
The hard clays, as those from coal formations, were pulverized 
and moulded into the desired shape. All were put in a graphite 
crucible, and set in a steel furnace, and exposed for ons heat 
(about four hours), at least up to the melting point of hammered 
steel. Among the specimens thus tested there were several pipe, 
saggar, stone ware, yellow ware, and alum clays. These were all 
more or less fused. Some of them melted down to flattened 
buttons ; others were rounded considerably. Some fire clays were 
partially fused, others were sharp and true, as at the outset. So r j 
far as it is possible to generalize, the clays containing much oxide / / 
of iron and potash together, were fused. The iron, when it ex- 
ceeds 2.5 per cent., appears to be more detrimental than the potash. / 
Nearly all of the more sandy clays were slightly fused. The rich 
fire clays of Woodbridge, the Raritan river banks and South 
Amboy, remained unaffected — not even glazed. The Missouri 
and the more noted British, French and Belgian clays, also stood 
well. Further trials are needed to complete these examinations, 
and to enable one to be specific, and give details as to the 
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behaviour of each ehiy tested. These with analyses of the same 
specimen are essential to reliable and valuable results. And 
from the facts already gathered it is plain that there are very 
marked differences eyen among fire clays of good character — and 
it is believed that such a series of fire tests will agree with the 
results of practice, and be explained finally by differences of phy- 
sical and chemical constitution. 

THE GEOLOGICAL ORIGIN OP THE CLAYS. 

The source from whence these clays was derived is not plainly 
apparent as yet. They join on their northwestern edge, the red 
sandstone and shale formation, from Woodbridge almost to 
Trenton. They are of more recent age than the red sandstone 
for they overlap and lie directly upon it, as is seen in many 
places. At several clay pits about Woodbridge, they have dug 
through the white clay, and come down at the bottom to solid 
red-shale. The conclusion cannot be avoided that the latter rock 
is much the oldest of the two, and yet there are no fragments of 
red-shale to be found in the clay, anywhere except at its very 
bottom. If the material had come from the north it must have 
passed over the red-shale, and, in so doing, it could not have 
failed to bring with it some of that peculiar and strongly marked 
material ; for the red sandstone formation is about 20 miles wide ; 
and its color is everywhere a purple red, while the color of all 
the red materials found in the clays, is a yellowish or salmon 
red. The most careless observer can perceive the difference, as 
they are seen near to each other in very many places. The mate- 
rial found in one cannot have been derived from the other. 

That the clay is derived from decomposed feldspar of granitic 
or gneissic rocks is altogether probable, for we find feldspar in 
the gneissic rocks at Trenton, Philadelphia, and near Wilming- 
ton in Delaware, in this peculiar and decomposed form, and these 
localities are all of them near to the northwest border of the 
New Jersey clay deposits. 

In New Jersey there are no gneissic or other crystalline rocks 
on the southeast side of the plastic clays. But this seems to be 
an exceptional case on the eastern border of the United States, 
as the gneiss rocks appear on the island of New York, and widen 
out to a great breadth in their extension northeast to New Eng- 
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land ; and towards the southwest the same rocks appear again at 
Trenton, in a narrow point, and widen out in Pennsylvania, Del- 
aware, Maryland and Virginia, into a broad belt a hundred miles 
or more in width. If this belt were continuous from New Eng- 
land across New Jersey to the States further south, it would, 
occupy all of the ground now covered by the clay, greensand and 
later formations, quite out to the coast and into the ocean. An 
inspection of the coast survey charts shows that the ocean over 
this sunken interval is very shallow, and an upheaval to a very 
small amount would bring it again above water. 

The hypothesis that the plastic clays, the green sand, the dark 
clays and the glass sands of New Jersey have been formed from 
the decomposed rocks of the southeastern belt of the azoic forma- 
tion has many facts to support it : 

1. The mineral constituents of these are unlike those of the 
older formations found to the northwest of them. 

2. Their beds overlap the older rocks on the northwest, in a 
layer which is very thin on the outcropping or northwestern 
edge, and becomes gradually thicker towards the southeast. 

3. The fossil wood, leaves, roots, and fruit found so commonly 
in the plastic clays and the scarcity of shells, indicate that the 
deposit was a very quiet one, and probably in muddy fresh 
water. This could onlv have been the case if the sea water was 
kept out by the high ground southeast of these deposits. 

4. The lower beds of clay have a southeastern dip of 60 feet 
or more per mile. The higher beds have a dip of only 30 feet 
per mile. The green sand which is next higher has an aver- 
age dip of 30 feet. The glass sand bed which is the highest of 
the series has a dip of not more than 10 feet to a mile towards 
the southeast, which is the same dip that the ocean bottom has 
from the New Jersey shore out to the border of the gulf stream. 

This regular diminution in the amount of dip in the beds 
higher in the series is consistent with the gradual subsidence of 
this southeastern high ground. 

The green sand formation was evidently all deposited in salt 
water. It contains immense numbers of marine shells, wood is 
exceedingly scarce in it, and what there is, is bored full of 
holes by a marine worm. The lowering of the high ground would 
allow of this irruption of salt water, and of the change from a 
fresh water to a marine formation. 
20 
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j The dark clays overlying the green sand are also evidently 

marine in their origin, as shells, sharks' teeth, &c., are found in 
them. 

The glass sand bed which is the highest in this series has not 
yet yielded any fossils except an occasional piece of charcoal. 
It appears to have been formed beneath the level of the sea, as 
there are patches of miocene containing fossils, found in places 
very near to it. 



Part IV. 



THE ECONOMICAL USES OF CLAY. 

The economical uses of clay are numerous, indispensable for 
the common arts of life, and of tine highest importance for their 
artistic applications. 

Clay wlien moistened with water is plastic and sufficiently 
firm to be fashioned into any form desired. It can be shaped by 
the hands alone ; by the hands applied to the clay as it turns with 
the porter's wheel, or it can be shaped by moulds, presses or tools. 
When shaped and dried, and then burned in an oven or kiln, it 
becomes firm and solid, like stone; water will not soften it, it has 
entirely lost its plastic property, and is permanently fixed in its 
new forms, and for its designed uses. These singular and in- 
teresting oroperties are possessed by clay alone, and it is to these 
it owes its chief uses. It is used 

1. For making pottery. 

2. For making refractory materials. 

3. For making building materials. 

4. For miscellaneous purposes. 

1. Pottery, Pure clay worked into shapes and burned, consti- 
tutes earthenware. The ware of itself is porous, and will allow 
water and soluble substances to soak through it. To make it 
hold liquids, the shaped clay before burning is covered with 
some substance that in the burning of the ware will melt and 
form a glass coating or glazing which will protect the ware in its 
after uses from absorbing liquids, and give it a clean smooth sur- 
face. The color of the ware depends on the purity of the clay. 
Clays containing oxide of iron burn red, the depth of color 
depending on the amount of the oxide, even a small fraction of 
one per cent being sufficient to give the clay a buff color. 

Cluy containing oxide of iron in sufficient quantity to make 
it partially fusible in the heat required to burn it, when made 



II 



into forms and burned, is called stoneware clay. The heat is car- 
ried far enough to fuse the particles together so that the ware is 
solid and will not allow water to soak through it ; and the fusion 
has not been carried so far as to alter the shapes of the articles 
burned. Tlie oxide of iron by the fusion has been combined 
with the clay, and instead of its characteristic red, has given 
to the ware a bluish or grayish color. Stoneware may be 
glazed like earthenware, or by putting salt in the kiln, when its 
vapor comes in contact with the heated ware and makes with it a 
sufficient glaze. 

Clay which is pure white in color and entirely free from oxide 
of iron, may be intimately mixed with ground feldspar or other 
minerals which contain potash enough to make them fusible, 
and the mixture still be plastic so as to be worked into forms for 
ware. When burned, such a composition retains its pure white 
color, while it undergoes fusion sufficient to make a body that 
will not absorb water. And its surface can be made smooth and 
clean by a suitable plain or ornamented glaze. Ware of this 
kind is porcelain or china. 

The large portion of plain white and decorated wares now soM 
as C. C. and white granite wares are intermediate between the 
old earthenware in which the body was of clay unmixed, and 
the porcelain m which the body is of mixed earths that undergo 
incipient fusion when burned at a high temperature. The fine 
eartlien wares of both kinds mentioned above are being improved 
in quality and appearance every year, and approaching nearer 
in real excellence to porcelain. It is the aim of the potter to givp 
them the accuracy of form that characterizes earthenware, to give 
them the body which shall be least porous after burning, and to 
glaze them with a material that incorporates itself moat perfetitiy 
with the body of the ware and does not crack or craze with any 
changes of temperature to which it is exposed. 

It is the art of the potter to make these different wares in such 
forms and of such qualities as may suit the demands of the 
market and the tastes of those who must use them. The clay is 
here in unlimited quantities, and in quality sufficient for il.'i best 
uses. It has been our own fault that they have not been sooner 
used. In the catalogue of British pottery in the Museum of 
Practical Geology, in London, it is said that " The great advance 
of the porcelain manufacture in England is due to the discovery 
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of the kaolin of Cornwall by William Cookworthy, of Plymouth, 
about 1755. He apparently had his attention directed to the 
subject by an American who showed him samples of China-stone 
and kaolin from Virginia, in 1745." This suggestion from our 
country was productive of most fruitful results. The manufac- 
ture of fine wares thus begun in England has grown to an im- 
mense extent, while in the country of its origin it lay dormant 
for a hundred years or more. 

Stoneware from the Amboy clays was made at Chesquake and 
at South River soon after the revolution, and the good quality of 
that clay, and its convenience to water transportation, has caused 
its use to extend very widely. At the present time it is taken 
from there to be used in potteries in most of the towns along the 
coast from Maine to Georgia. Its good qualities are known and 
appreciated, and the slmieware made from it is highly esteemed. 

The clays for making common earthenware are very widely 
distributed, and they are used in making such qualities as are in 
demand for the common purposes of daily life. 

Those clays which are pure enough to be used for making the 
finer varieties of earthen ware, are by no means common. And 
it is in these that the clay district, which is described in this 
report, is singularly rich. They are white and plastic, excelling 
in the latter property the fine white china clays brought from 
South Carolina, or those from Indiana or Illinois. They are not 
quite so white as those last mentioned, containing a little more 
oxide of iron. But a reference to the tables of analyses will 
show that this impurity is very small in either of them. It is 
so small that the expense. of removing it by acids and washing 
would not greatly increase its first cost. And some experiments 
made in the State laboratory show that it can be done satisfac- 
torily. Whenever this process is carried out, the New Jersey 
clays will take precedence of all others; their superior plastic 
properties making it possible to prepare stronger and better 
shaped ware than from any other. 

The manufacture of the finer kinds of pottery was established 
very late in our country, but it has advanced with extraordinary 
rapidity. The precise statistics of its growth cannot be ascer- 
tained now. A note in the Geology of New Jersey, 1868, fur- 
nished by a manufacturer of pottery at Trenton, says that, " In 
the coming year our products will doubtless be at least one- 
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eighth of the whole quantity consumed by the home market of 
white ware, for which Trenton is by far the most important 
point. The manufacture of yellow a«d Rockingham ware is 
more generally diffused throughout the States, and the quantity 
now imported is comparatively small." The value of the vari- 
ous kinds of pottery imported into the United States during the 
fiscal year ending Juno 30, 1876, was , 

Brown, earthen and stoneware $36,744 00 

China, porcelain and parian ware, plain white 409,5:^ 00 

China, porcelain and pariiin ware, gilded or ornamented 718,155 00 

All other earthen, stone or crockery ware (white granite and C. C.) 2,948,516 00 

Total value $4,112,953 00 

The United States Potters' Association report that the value of 
'I the goods sold from the factories of its members, in 1875, was 

$2,993,000, and most of this was of the kind enumerated in the 
above list of importations, under the fourth head ; so that the 
relative values of the home-made and the foreign, instead of 
being one to eight as in 1868, is now one to one and a half. 

The following statistical statement from the United States Pot- 
ters' Association, shows very nearly the condition of this branch 
of industry in the United States in 1876: 

Number of firniB in the AsRociation 40 

Number of kilns belonging to the members 140 

Value of goods sold in 1875 $2,90.%000 

Capital invested 4,089,000 

Yearly wages paid 1,110.000 

Horse power employed 1,000 

Capacity of works, if use<l the year round 4,895,000 

Tons of coal used in 1875 50,000 

Other raw materials, in tons 50,000 

About three-fourths of the above is represented in the works 
at Trenton. The location is peculiarly favorable for getting the 
requisite supplies of raw materials and fuel, and for sending off 
manufactured goods by railroad, canal or river. The climate is 
favorable, and supplies for living abundant and cheap. 

Should the present growth of the business continue, the need 
for foreign importations will cease in a very few*^'ears. 
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S. Refractory MateridU. The largest use for the white clays of 
New Jersey is in making fire bricks, and retorts for gas works 
and for zinc works. Modern improvements in metallurgy, and 
in furnaces for all purposes, are dependent to a great degree on 
having materials for construction which will stand intense heat 
without fusing, cracking, or yielding in any way. The two mate- 
rials to which resort is had in almost all cases, are pure clay, and 
quartz in the form of sand or rock. They are both infusible at 
the highest furnace heats. The clay, however, is liable to have 
in it small quantities of impurities which are fusible, and it 
shrinks very much when heated to a high temperature. Quartz 
rocks are very liable to crack to pieces if heated too rapidly, and 
both the rocks and sand are rapidly melted when in contact with 
alkalies, earths or metallic oxides, at a high temperature. They 
do not shrink in heating. Sandstone, or quartz rock, is not as 
much used as a refractorv material as it was formerlv. Bricks 
to resist intense heat are made of clay, of sand, and of a mixture 
of clay and sand. The different kinds are specially adapted to 
different uses. 

Fire bricks made of clay, or clay and sand, are the ones which 
have been generally made in the United States. To make these, 
the clay which stands an intense heat the best, is selected as the 
plastic material of the brick. This is tempered so that it may 
not shrink too much or unevenly in burning, by adding to the 
raw clay a portion of clay which has been burned till it has 
ceased to shrink and then ground, or a portion of coarse sand, 
or a quantity of so-called /eW«par. These materials are added in 
the proportions which the experience of the manufacturer has 
found best. The formula for the mixture is the special property 
of each manufacturer, and is not made public. The materials, being 
mixed together and properly wet, are moulded in the same way 
as common bricks are, and after they have dried a little, they 
are put into a metallic mould and subjected to powerful pressure. 
They are then taken out, dried, and burned in a kiln at an in- 
tense heat. 

It does not appear which is the best for tempering, burned 
and ground clay, or coarse sand, or feldspar. Respectable manu- 
facturers are found who use each of these materials, and make 
brick that stand fire well. It is of the utmost importance to select 
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the materials carefully, and to allow no impurity to get in while 
handling the clay or working the components together. 

The manufacture of fire brick is carried on very extensively 
at Woodbridge, Perth Amboy and Sayreville. There were made 
at those places in 1873, when business was brisk, eight million 
brick. 

Fire bricks intended, in addition to their refractory qualities, 
to retain their size and form under intense heat without shrink- 
age, have been made to some extent. The English Dinas bricks 
are of this kind, and the German and French " silica bricks.^' 
The Dinas bricks are of quartz sand or crushed rock, and con- 
tain very little alumina and about one per cent, of lime. They 
stand fire remarkably well, the lime being just enough to make 
the grains of sand stick together when the bricks are intensely 
heated. In the other " silica bricks," fire clay to the amount of 5 
or 10 per cent, is mixed with the sand, and this plastic material 
makes the particles of the sand cohere sufiiciently to allow of 
handling the bricks before burning. They have met the expec- 
tation of those who made them, and are extensively used. A few 
trial bricks, like the silica brick, have been made by Mr. A.Hall, 
of Perth Amboy, and they have been tested and found to stand 
fire very well, but the demand for such brick has not been large. 

Fire clay, fire sand and feldspar are also sent away in great 
quantities, to be made into fire bricks at other places, near where 
they are to be used. At the glass houses much fire clay is worked 
up into large blocks, which are shaped in moulds so as to suit the 
different, and perhaps irregular, parts of the furnaces. The 
quantity of clay and refractory materials sent off for these pur- 
poses in 1873, amounted to 260,000 tons. 

The quality of these fire brick is superior. They have satis- 
fied the demands of the manufacturers who use them, so well, 
that very few fire bricks of foreign manufacture are now brought 
into the country. Fire bricks are made from the fire clays or 
shales of the coal formation in Pennsylvania, Maryland, Ohio 
and other States where they are needed, but for some uses the 
New Jersey firiB bricks or fire clays receive the preference over 
all others. And the chemical composition given in the table of 
analyses, as well as the fire tests of the clays made here, justify 
this preference. More refractory bricks than these are not yet 
found. 
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Retorts for gas makers' use have been made of clay for several 
years past, and they are replacing the iron retorts formerly used. 
They are made of material prepared in the same way that it is 
for fire brick. But on account of their great size and weighs 
peculiar management is requisite in handling and burning them. 
A large quantity of clay is consumed in their manufacture. 

Retorts for making zinc are also made from these clays. They 
are simple in form, and are made in part^ at least, by machinery. 
This clay stands well in them. 

Pots for glass makers' use are made from fire clay. The clay 
is always tempered with burnt clay, and great care is taken in 
mixing and working over the materials, for weeks or months 
before using, and the pots are very carefully made by hand. Up 
to this time nearly all the clay used in making these pots in this 
country has been brought from Europe, and most of it from 
Germany. So much depends on the perfection of the pots in 
glass making, that the manufacturers are very careful to follow 
the practice which experience has proved to be successful, and 
avoid all experiments where much chance for damage is in- 
volved. On this account the German clay continues to be used, 
and our own has not been thoroughly tried for glass pots. It is 
chemically much purer, and is more refractory. It is not gen- 
erally as dense as the German clay, and it may be more liable 
to check in heating to intensity. But it does not cost more than 
one-third as much. Intelligent and well directed experiments 
in preparing and handling our clays, must surely succeed in 
making them fit for glass pots. Some experiments already made 
with clay from the Raritan fire clay bed, have been very encour- 
aging: the clay standing fire well and burning to a hard, dense 
body, without cracks. 

Refractory clay is also used for making sewer pipes, chimney 
tops and terra cotta wares. It must stand fire so well that the 
articles will be burned hard without softening under the heat, 
or in any way losing the regularity of their forms or the accuracy 
of their outlines. If not sufficiently infusible, pipes will become 
crooked and flattened in the kiln ; and objects of more elaborate 
workmanship will lose their artistic character and their value. 

The poorer qualities of the fire clays are sent off in enormous 
quantities to the manufacturers of sewer and drain pipes, and 
to terra cotta works, in all the principal cities of the Atlantio 
States. 
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3, Uses of Clay for making Building Materials, — Clay of the com- 
mon kind can be tempered, worked into the form of bricks, roof- 
ing tiles, drain tiles, Ac, and then burned into most durable 
building material. The clay costs but little; much of the labor, 
in working it, is unskilled, and a large amount of the work can 
be done by machinery. If works can be located on navigable 
waters, so as to bring fuel and carry the products to market at 
the least expense, these indispensable articles can be furnished 
to the purchasers at very low prices — far below what any other 
articles designed for the same purposes can be supplied. In 
these respects the district which has been described has singular 
advantages. The beds of clay suitable for such purposes are 
very thick, 10 to 40 feet in some exposures, and they come out 
in bold bluffs in many places near the water. In the district of 
68 square miles, there are 30 miles of navigation and 2*) miles 
of available water front. The distance from Perth Amboy to 
New York city is only 22 miles by water, and by railroads it is 
23-25 miles. 

Much of the navigation is never stopped by ice, and in the 
narrower passages it is seldom closed more than six or eight 
weeks in a winter. And fuel is delivered along the water as 
cheap as it is in the cities. 

The value of bricks as building material, especially where 
strength and solidity are required, can be best judged by tests of 
their capability to resist the crushing force of heavy weights. 
To ascertain something in regard to this quality in bricks made 
from New Jersey clays, specimens of hard brick were obtained 
from several places, which were judged to be representatives of 
those made from the principal kinds of brick clay in the State. 
They were tested at the establishment of Messrs. Riehl^ Brothers, 
Philadelphia, in their machine for measuring the force required 
to crush building materials. The following are the samples 
tested, and the weight per square inch required to crush them : 



Manufacturers. Poutuis. 



Savre & Fisher, Sayreville, Middlesex coiintv < ' '^* 

^ 4,7 o( 

H. F. W^orthington, Washington, South River, Middlesex county ^ ?'/^i 

A. Ridgway, Newton, Sussex county I ' 'V * 
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Manaflu^aren Poniida. 

r27d6. 



Trenton, Mercer county, 



2200. 

3340. 

L 2497. 

The following table of the "Resistance to crushing of bricks 
and natural stone," is copied from Gen. Q. A. Gilmore's " Treatise 
on Coignet-Beton," &c., p. 42. 

CroBblng weight 
liatnialB. per square Inch, 

Id pounds. 

Brick, weak red 550 to 800 

Brick, 8tron|ic red '. 1,100 

Brick, first quality, hard 2,000 to 4,368 

Brick, fire .' 1,700 

Chalk 330 

Granite, Patapsco 5,340 

Granite, Quincy 15,300 

Marble, Montgomery county, Pennsylvania 8,950 

LimcHtone, granular 4,000 to 4,500 

Limestone, marble 5,500 

Sandstone, strong 5,500 

SindPtone, ordinary 8,300 to 4,400 

Sandrttone, Connecticut 3,319 

Caen Htone 1,088 

Brick is one of the most common and cheap of building mate- 
rials. It is also one of the most strong and durable. It resists 
fire better than any other building material whatever. Bricks 
are in such shape that they can be laid with little labor, and in 
walls that are no thicker than is necessary for the needed 
strength. A comparison of materials in the two tables above 
will give information in regard to the real values of various 
well-known building stones and bricks. To make the compari- 
sons easily, in weight as well as size, it may be mentioned that 
the specific gravity of building stones varies from 2.25 to 2.75, 
and that of hard bricks from 1.75 to 2.10 — common bricks weigh- 
ing about four pounds each. 

There are eight brick yards on the Raritan river and the. bay 
shore, at which 54,000,000 bricks are made annually from the 
common clays of this district. It is estimated that there are also 
18,000,000 made yearly at Keyport and Matawan,and 10,000,000 
at Trenton and Kinkora, on the Delaware. 

A small number of very handsome white brick for building 
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purposes have been made by Messrs. Sayre & Fisher, at Sayre- 
ville, and by Messrs. A. Hull <fe Son, at Perth Amboy. 

Hollow bricks have been introduced for house building in 
many of the countries of Europe. They are light, strong 
enough to hold up all the weight that can be loaded upon them, 
and they make a drier wall. Dry bricks are not good conduc- 
tors of heat, and tine air enclosed in the hollows increases this 
non-conducting property, so that houses built of such brick keep 
out the summer's heat and the winter's cold better than those 
built of solid brick. They have not been much used in this 
country. Henry Maurer, of Perth Amboy, has begun their 
manufacture, and there is now an opportunity to make trial of 
this promising improvement in building materials. 

Roofing tiles have long been in use. They are made of brick 
clay, and form a tight and durable roof. Their weight is objec- 
tionable ; but they find an important use in ornamental archi- 
tecture, and their strong colors and manageable forms make them 
an effective addition to the resources of the architect. The New 
Jersey Building on the Centennial grounds at Philadelphia in 
1876 was covered with tiles made by Henry Maurer. 

Draining tile are made from the same kinds of clay that are 
used for common brick, and they are made in great quantity 
from the brick clays of this district, at Woodbridge and on the 
Raritan. 

The material of which common brick is made is not all clav. 
It contains a good deal of sand and oxide of iron, lime, or potash 
enough to make the mass easily fusible at a high temperature. 
Hard brick are obtained when the heat is great enough to pro- 
duce the beginning of fusion ; and the economy of bri(;k-niaking 
is effected when the temperature necessary to produce well shaped 
hard brick is obtained with the smallest amount of fuel. The 
following analyses show the composition of two common brick 
clays. 

1 is from the brick yard at Chesquake creek, Middlesex county. 

2 is from the brick yard at Kinkora, Burlington county. 
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Silicic acid 

Alumina 

Combined water. 

Quartz pand 

Pota«h 

Lime 

Magnesia 

Ferric oxide 

MoiBtnre 

Sulphur 

Carbon , 

Titanic acid 



Totals IOO.O7I 100.43 




4. MISCELLANEOUS USES OF CLAY. 



Paper Clay, Clay which is pure white, and that also which is 
discolored and has been washed to bring it to a uniform shade 
of color, is used by the manufacturers of paper hangings, to give 
the smooth satin surface to the finished paper. It is used by mix- 
ing it up with a thin size, applying it to the surface of the pieces of 
paper, and then polishing by means of brushes driven by ma- 
chinery. The finest and most uniformly colored clays only are 
applicable to this use, and they are selected with great care. Clay 
is also used to some extent by paper manufacturers, to give body 
and weight to paper. 

Alum Clay. A large quantity of clay is sold every year to the 
manufacturers of chemicals, for making alum. A rich clay is 
needed for this purpose, but those containing lignite or pyrite 
which renders them inapplicable for refractory materials, do not 
spoil them for this use. Alum is made by digesting the clay in 
sulpliuric acid, which forms sulphate of alumina, then dissolving 
out the latter salt from the silica and other impurities, and form- 
ing it into alum by the addition of the necessary salt of potash, 
soda, or ammonia, and crystallizing out the alum. 

Portland Cement Hydraulic limes and hydraulic cements are 
coming into large use both with engineers and builders. The 



318 PORTLAND CEMENT. 

magnesian limestones, when burned at a low heat, furnished a 
lime which possessed hydraulic properties. The improvement 
in limekilns, and the use of coal instead of wood for fuel, has 
led to the burning of lime at higher temperatures than formerly 
and but little lime with hydraulic properties is produced. Lime- 
stones containing a considerable amount of clay are found in 
many places ; when these are burned at a moderate heat and then 
ground in a mill they furnish hydraulic cement. Immense 
quantities of such cement are made near Rondout, New York, 
at Louisville, Kentucky, and at other places. The composition, 
however, is liable to variation, and engineers have sought a more 
uniform and reliable article, by mixing pure clay and carbonate 
of lime in proper proportions, burning them together at a mod- 
erate heat, and then grinding them for the cement. The pro- 
portions are nearly four of carbonate of lime to one of clay. These 
artificial cements are made successfully and in large quantities in 
England, France, Germany, and other European countries. The 
English Portland cement, which is artificial, is brought into this , 
country and finds a moderate demand at high prices. The at- 
tempt to make such cements in this country has been made 
several times, but up to the present without success. It must, 
however, eventually succeed. The shores of the Raritan, Staten 
Island sound, and Woodbridge creek, all of which waters are 
navigable, offer most advantageous sites for such manufactories. 
The rich clays spotted or otherwise discolored by oxide of iron, 
can be had here at little cost, and the rich shell marls of Sussex 
and Warren counties will supply, at a cheap rate, an abundance 
of carbonate of lime which needs no grinding, but is in its 
natural condition fine and ready to be mixed with the clay at once. 
This is a promising field for a new industry. Cement is indis- 
pensable in mortar which has to be exposed to water, and its use 
in all mortars for stone and brick work is increasing rapidly. 
There were, in 1860, 14 establishments, with a capital of $7ol),000, 
employing 740 hands, and having an annual product of $7(')7,00O 
In 1<S70, there were 45 establishments, with a capital of $1,521,- 
000, employing 1,190 hands and producing $2,033,000 worth of 
cement. 



Part V 



EXPLORING, DIGGING, MINING AND MARKETING CLAYS. 

SEARCHING FOR CLAYS. 

The examination of ground for clays includes, first: a care- 
ful survey of its surface features, natural outcrops and artificial 
cuttings and a consideration of all the facts relating to previous 
diggings, horings, &c.; and second : testing the ground by bor- 
ing and digging trial pits, or shafts. 

The first point of examination is the study of the best geologi- 
cal maps of the country or locality to be examined to ascertain 
its geological structure and to get a correct basis for the further C 

study of the surface and the strata which explorations may dis- 
cover. This may at the outset indicate the improbability of dis- 
coveries of any value, and prevent useless work and disappoint- 
ments. Again, attention to the geology will enable the explorer 
to understand the relations of the surface featuies to the strata 
beneath, and thereby to interpret more clearly the indications 
which they may present to him. Thus, for example, the geologi- 
cal map and survey may represent the locality in question as in 
a region of glacial drift, and consequently one whose surface 
would be characterized by irregularly shaped elevations and 
depressions, all marked by abrupt changes of slope and irregu- 
larities without any apparent order of arrangement. Knowing 
this, the explorer finds the configuration of the surface to be such 
as was indicated by the glacial drift of his map, and at once 
appreciates the difficulties in his way in exploring it. He knows 
that his selection of points for his bore holes and test pits must 
be made so that they can reach the regular strata hidden under 
this boulder drift and not be compelled to stop in it, since every 
boring pit which fails to ' penetrate this drift covering is not 
only useless as indicating nothing more than the surface showed 
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him, but also a waste of time and capital and a discouragement 
that may tend to retard or wholly stop further exploration. 

The personal inspection of the surface, as above stated, takes 
into account the nature of the slopes as especially important in 
locating pits or borings. The top of a hill or ridge is to be 
avoided if it is a true boulder drift, or a bank of sand or gravel. 
For a like reason the hillside may not be suitable for exploration. 
Flat lands, such as tide marshes or swampy ground may also be 
unfavorable, from the thickness of the alluvial or recent beds of 
earth and mud. Generally the hillsides, near the foot of the 
hills offer the least thickness of diluvial covering, or top earth, 
and are the best locations for exploring. 

Natural outcrops exposed in washes in the sides of hills and 
in the banks of streams ought always to be looked at, as some of 
the strata are often seen in these places, and by an examination 
of them it is possible to learn the depth to which shafts must 
reach in order to test such localities for any given bed of clay or 
other valuable material. These outcrops from their relations to 
the beds searched for, may also indicate too great a depth for 
successful exploration or for practical working. 

Artificial cuttings on railroad lines, street or road grading, 
wells and other excavations, are also to be considered as furnisli- 
ing some indications as to the nature and extent of the strata, 
and by the facts they afford, aiding the explprer in his prelimi- 
nary survey. All the facts from such excavations are, however, 
to be considered in their relation to the surface, since in certain 
localities these, unless very deep, may cut drift or alluvial beds 
only, and consequently afford no positive information of the 
lower strata or beds in place. The study of the surface requires 
much care in considering the various facts of topography, out- 
crops and exposures, in order to arrive at just and valuable con- 
clusions, and yet this preliminary work is so easily and cheaply 
done, that it is economy to take time enough for it, as subsequent 
mistakes and failures are manyfold more costly and vexatious. 

Boring is a common and quick mode of testing ground, pre- 
paratory to sinking shafts or pits. It is available through all 
strata or beds, and, if a chisel-pointed bar replace the auger, can 
be got through thin layers of ordinary brown sandstone, which 
is the only hard or rocky layer ever found in the clay belt of the 
State Boulders of large size cannot be penetrated, and layers 
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of gravel are often difiBcult to get through. Wet sand, such as 
quicksand, is also troublesome, but these obstacles are of limited 
extent, and by repeated trials can nearly everywhere be avoided. 
The use of the auger is practicable through almost the whole 
clay territory of the State. Beds of clay are readily and easily 
penetrated, and the borings brought to the surface are tolerably 
fair specimens, giving information as to the character, as well as 
to the thickness, of the bed. As the boulder earth, 6r gravelly 
strata which so generally cover the clay formation, is difficult 
to penetrate, it is easier and more expeditious to dig well-like 
pits through these to the clay, and then begin to use the auger, 
than to attempt to bore from the surface. Where there is no 
quicksand, and the earth stands up, trial pits 2J to 3 feet in 
diameter can be dug to a depth of 40 feet, at a cost of 25 cents 
per vertical foot, and at a lower rate where the pits are not so 
deep. Owing to the treacherous nature of some of the sandy 
clays and sands which occur in the clay formation, larger shafts 
are necessary, and much care to prevent accidents by caving or 
sliding. The depth to such pits is rarely greater than 20 feet, as 
sites for boring are seldom on thick masses of drift. For boring, 
various patterns of augers are in use, the most common and 
most serviceable is the ordinary carpenter's screw auger, having 
a straight cutting bit, and from an inch to two and a half inches 
in diameter. A pod auger, with a vertical or spiral slit up its 
side, and sometimes provided with a valve inside, which, open- 
ing upward, prevents the materials cut from falling back into 
the hole, is another form. Sometimes the bit is made convex or 
spade-shaped, instead of straight, and sometimes double edged. 

For loosening the earth or clay, a tapering screw auger, with 
a narrow bit, is useful. Some of the so-called well excavators — 
pod augers of larger size — are applicable to boring in these earthy 
strata. Whatever the form, those which most easily penetrate 
the strata and bring up specimens as they are cut in succession, 
are the best. The auger, or borer, is the essential part of the 
mechanism. The shank, or rod, may also be of various styles. 
The more common form is a square iron bar, |-inch on a side 
and 8 to 14 feet long, upon which the auger is welded. This is 
made so that it can be spliced on to a second bar (the ends 
being fastened together by a ring shoved over them), and that to 
a third, and so on to any desired length. Rods and pipes are 
21 



I 
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also used. These are generally screwed together, the threads 
being reversed that the turning of the handle may not unscrew 
the sections. Gas pipes or tubes are of a convenient size, easily 
obtained and much used. These are lighter, stiffer and cheaper 
tha^ the solid rods or bars, and preferable to them. 

The sizes are proportioned to tlie diameter of* the bit. It is 
always advisable to have the size uniform throughout. In the 
deep boring of the Grossman Glay and Manufacturing Gompany, 
on the line of the Easton and Amboy railroad, the auger was 
1| inches in diameter, and was put down through a gas pipe 2 
inches in diameter, which was driven down in sections that 
screwed into one another. The first length, that holding the 
auger, is usually 10 to 15 feet long. Others are not so long, 
generally about 8 feet. Upon this bar, rod, or pipe, as the case 
may be, a handle is fitted, so constructed that it can be readily 
adjusted at any point, and also be firm enough to turn the auger. 

The boring implement thus put together is worked by means 
of the handle, requiring two men to turn it. Longer bores, of 
course, require more power. When the thread is filled the auger 
is drawn up and the material examined, so that every portion of 
the strata penetrated can be examined at the surface. Augers 
are rarely used at greater depth than forty feet, and in nearly all 
cases this is sufficient to test ground. At such depth, and even 
at twenty feet, the raising of the auger is a difficult matter, and 
then a windlass, or, better, a derrick with block and pulley, may 
be employed. Such a length of rod also requires guides to keep 
it erect, and for this purpose shear poles set up at the month of 
the boring are necessary. These may be of the same len<jjth as 
the rods or a little shorter. 

In the case of wet and running material, or quicksands, ir, is 
frequently impossible to make any progress, the sand fillini:; the 
hole as fast as the auger removes it. Then tubing becomes 
necessary. For this i)urpose gas pipes a little larger than tlie 
auger are employed, usually Ih to 2 inches in diameter. These 
are driven down in sections, one screwed to another at the top. 
The interior is then bored out, and if the tubing be driven 
deep enough to shut off all loose sand, the boring is continued 
beyond to the desired depth. If gravel or cobblestones, or other 
stony and hard material, is encountered, a chisel-pointed bar is 
driven down to break them or drive them to the sides of the hole 
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and open the way for the auger. Equipped with these tools, two 
men can put down several 30 feet holes in a day, or with a third 
man, one or two 40 feet deep, but the time isdependenfbn many 
circumstances, aud differs with the localities. For removing the 
water, and in case of quicksand, sand pumps have been sug- 
gested, but with how much success is not known. 

In Germany boring is an almost universal mode of searching 
for brown coal. The strata covering this are earthy and such as 
are readily penetrated by the auger, but the thickness of this 
covering often exceeds 100 feet. At this, and even greater depths, 
the auger is employed with success. In Saxony, borings having 
an average depth of 120 feet cost twenty-seven cents per vertical 
foot. Tlie diameter of the bit is sometimes as much as six inches, 
and then the rods are correspondingly large, and the working of 
them requires long levers at the surface and increased power. 
In New Jersey depths of 40 feet are in nearly all cases sufficient, 
as at greater depths the amount of top earth is too much to be 
moved, and subterranean mining would be too expensive. For 
this depth an auger two or two and half inches in diameter, with 
five-eighths inch rods, is sufficiently large. 

One of the drawbacks to boring is that the specimens are not 
always unmixed and representative of the variations encountered 
in tlie hole. In the stiff clay there is no difficulty, as the threads 
or pod of the auger hold it firmly, and each auger full repre- 
sents the last cut made. Thus, if the auger thread be six inches 
long, the auger full represents the last six inches that was cut. 
But if the materials are quite loose they slip off in raising, 
esj)ecially if there be any water in the hole. Again, the borings 
are apt to get mixed with material on the sides of the hole while 
the auger is brought to the surface. Consequently, borings are 
not generally quite as good as specimens from diggings, and are 
never to be regarded as altogether decisive, but as indications of 
strong probability, which urge the final step in the exploring 
work — that of sinking pits. 

The digging of trial pits may be merely to test the ground or 
to do work in the extraction of the materials sought. The loca- 
tion of pits must be determined by the borings, by the nature of 
the surface and the best sites for opening and working. The 
discoveries of the auger alone are not sufficient to determine 
the sites, as often the opening of a bank is best where the bed is 
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thinner or of inferior quality, near the foot of the hills, or other 
advantages of location for steady working. The size of the pits 
is a mdtter of business rather than of exploration. To test 
ground, a shaft or pit 8 by 10 feet is quite large enough for con- 
venient working; if the strata be firm the pits may be little 
more than a well, or they can be as much larger as the explorer 
wishes. 

In boring, failure at one point should not discourage or stop 
further work ; the hole may have been just where the clay or 
other bed sought for was once, but subsequently was partly or 
completely worn away and its place occupied by depositions of 
recent material ; or it may have chanced to strike a point where 
the thickness of the bed was much above its average dimensions. 
Here there should be several borings, depending somewhat on the 
disclosures they make. If the depth and thickness of the strata 
a'ppear to be uniform, fewer borings will answer. Generally the 
inequalities in these particulars require more to furnish much 
valuable information. 

What has been said of borings is to a less extent true of pits. 
The latter do more in showing the exact value of the materials 
dug ; the former give approximately correct ideas as to their char- 
acter but tolerably accurate opinions as to their extent. 

The employment of the auger and the digging of trial pits 
ought to be far more general in the clay districts of the State. 
If more generally adopted, discoveries might show beds and de- 
posits of superior character and great extent in localities mucli 
more favorably situated than some of those now worked. It is 
possible that we are expending uselessly some of our activities 
that could be better employed at other points ; so that this sub- 
ject of exploration is important not only to the capitalist and 
prospector in search of new localities, but to the clay miners and 
proprietors. 

The map of the clay district of Middlesex county, which ac- 
companies this report, is a guide to explorers in that part of tiie 
State. It shows, by special designations, the location and extent 
of the pits of clay, /eW.9par, kaolin and fire sand, as they are now 
opened. It further shows the configuration of the surface, or 
make of the country^ by contour lines of elevation above mean 
high tide level. The figures on these are the heights above that 
level. By a series of colors it indicates the territory, or country, 
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in which each of these beds may be found of workable thick- 
ness, and at depths below the surface of the ground, which are 
practicable for economical digging by open pits. A thickness of 
15 feet is assumed as needed for practical working. Whenever 
tlie height of the ground and the dip of the bed indicate less 
than this, the location is considered unavailable for working, and 
it is left uncolored. It is proper, in this place, to state that the 
absence of color does not imply barren ground, or no clays or 
feUhpar, but that the bed there cannot be more than 15 feet 
thick, and that it has not yet been found. Great inequalities 
may show exceptions, but these are quite as likely to make it less 
than 15 feet. A thickness of 25 feet of top dirt is assumed as a 
limit to practical working, beyond this, generally, the removal 
of tlie bearing is unprofitable. In places where the bed is un- 
usually thick, and particularly if this be due to a swelling vp at 
the top, above the general let^el or plane of the top of the bed, 
the top dirt may not be so thick, and such ground may be profit- 
ably worked for that bed. Variation in the opposite direction 
may make the top of the bed lower than the mean elevation, 
and thereby increase the thickness of the covering to more than 
25 feet. 

Figure 4 is here presented as an illustration of these state- 
ments, and of the facts which have served as the basis for color- 
ing tlie map. It represents one valuable bed of clay in its 
relations to the overlying strata and the surface ; the map shows 
the relations of the Raritan clay bed, the Woodbridge fire clay 
bed, the Feldspar and Kaolin bed, the South Amboy fire clay bed 
and the stoneware clay bed, to the surface, and, according to these 
relations, the areas in which these several beds are available for 
economic mining. The figure is, therefore, an illustration of 
each of the valuable beds here enumerated. In it there is at 
the bottom a sandy clay stratum, which is not considered to be 
of any value. Upon this rests the bed of clay, which is sought. 
It may represent any one of those mentioned above, according 
to location in the clay district. Both of these beds are supposed 
to belong to the plastic clay series, and they dip towards the south- 
east. Another and valuable bed may be supposed as underlying 
the sandy clay, but it is unimportant, as such would be too deep 
to be reached, except by sinking shafts and then cutting horizon- 
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tal drifts, that is, by underground 
working. The clay bed is repre- 
sented as 20 feet thick. At (e) the 
bottom of this bed is near the sur- 
face and slight digging may un- 
cover it, but from this outcrop, or 
point to (^} denudation has so worn 
it off that it is not thick enough for 
profitable mining. West of (c) the 
surface is lower than the horizon of 
the clay bed. Tlie ground west of 
(A) is, therefore not available for 
working. From {A) to {D) there is a 
hill, the top of which is boulder 
drift and between (B) and {C) this 
drift is from 25 to 40 feet thick. 
Such a thickness of useless materials 
is regarded as too great for profita- 
ble working and the interval {B) — 
(C) is marked as unavailable. Going 
down the steep soutlieast slope of 
this hill the drift mass becomes 
thinner until at (C) it is only 25 
feet thick. Thence to (a) it rapidly 
diminishes and from that point to 
(i) there is but a thin sheet of it, j 
lying uncoraformably upon the ,' 
clay bed. Here is more available 
clay territory and between the points 
(C) and (D) exploration and mining ' 
are eminently practienblo. East of ■ 
the latter point the clay bed again t 
becomes too thin for working and at i' 
(li) is altogether wanting. The sur- f. 
face at this point is below the level <\ 
or horizon of the bed. Tlie under- i- 
lying sandy clay crops out in the, fj 
depression, on each side of the [\- 
Wiitt'r,that lies in a hollow excavated -t; 
in it. Ascending the slope on tlie '•} 
east side of the litlle valley, the out- 
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crop of the clay bed may be discovered, at or near (E) but on 
account of denudation it is too thin to be profitably worked. 
From (D) to {E) there is a breadth of unavailable territory, or clay 
land. It will be observed that this valley is one of erosion and 
the wear has removed the whole of the boulder drift and the clay 
bed, and cut down into the underlying sandy clay. This is an 
illustration of many valleys of the clay district, which have 
been described in the local details. East of {E) a lower hill, 
or ridge, is represented. The superficial bed in this ridge con- 
sists of stratified materials, of sand and gravel. And it is not 
so thick as the boulder drift of the other hill. As its maximum 
thickness nowhere exceeds 25 feet, the hill is all workable clay 
lands. The space {E) — (F) is, therefore, available territory. 
Between (d) and (F) the clay bed is covered by a thin sheet of 
the sand and gravel drift. Beyond (F) eastward it thins out and 
is wanting at the water on the extreme east. To resume, there are 
i. Unavailable areas on account of great thickness of top dirt 

B—a 

2, Unavailable areas owing to denudation of bed, e — A ; D — E 
and d — F. 

3. Available areaSy A — B ; C — D; E — F. The map by its seve- 
ral colors exhibits the areas, or territory in which each of the 
beds above mentioned are of workable thickness and at accessi- 
ble depths from the surface. The key to the colors appears at 
the side of the map. Where two beds occur close together one 
above the other as the feldspar and kaolin bed and the South 
Amboy fire clay bed both are represented by their colors. 

DIGGING AND MINING CLAYS. 

The extraction of the claySy feldspars^ kaolins^ fire sands and 
other materials occurring in the plastic clay belt of the State, is 
mostly by digging pits in the beds worked, the overlying strata 
having been previously removed. The removal of the superfi- 
cial beds, or bearing, as it is frequently termed, and the digging 
vary somewhat in the details according to the nature of the cir- 
cumstances of location, relation to water, cost of labor, prices of 
materials, transportation and business management. 

The first work on opening a clay bank, after satisfactory ex- 
ploration, is to remove the top dirt, or bearing. This is done in 
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wagons in case it has to be carried to some distance, or else by 
cars on a moveable track. Wheelbarrows are occasionally used. 
At older banks, where a large amount of clay is dug, a car track, 
or tramway, generally runs from the bank to the point of delivery 
— main lines of railroad, or to docks on navigable water — and in 
these the track is generally laid quite to the heading or face of 
the bank, or alongside of it, so that the cars can be easily loaded. 
This material is taken outside to the dumping ground. Teams 
are in common use as the motive power, being cheaper than 
steam, and quite as effective in short distances. If any of the 
materials of this bearing are of probable value they are sorted 
and put by themselves preparatory to future use, or are at once 
shipped as desired. Whenever, in working banks, pits or exca- 
vations, areas have to be filled, the top dirt is used for that pur- 
pose. 

According to the general practice, the digging advances by a 
succession of contiguous pits, and the dirt of the pit which is 
being uncovered is thrown at once into that which has just been 
dug. In some cases this is suflBcient to use the dirt from the top 
of the new pit, and the necessity of removal to dump or waste 
heaps is avoided. But this is exceptional, as in most localities 
the amount of top dirt is in excess of that needed for filling, and 
the surplus must be removed. 

The cost of removing the top dirt depends on so many and 
such constantly varying conditions that it is not possible to give 
prices. The nature of the strata, the distance of removal, the 
price of labor, and other items, enter into the cost. Excavation 
by machinery, or by steam diggers, has not been attenii)ted. 
This is due, apparently, to the generally limited extent of most 
of these works. 

Since the top dirt nearly everywhere is earthy, the employ- 
ment of steam excavators or similar machinery is certainly prac- 
ticable. The introduction of larger capital and more compre- 
hensive management in the mining of these clays, tfec, will be 
accompanied by more machinery to replace much of the slow 
and primitive methods now in use. 

An important question is the location of the heaps of top dirt 
or dumpings. This is especially important at a new locality, and 
care is always necessary to avoid sites which are to be worked. 
By boring or digging small trial pits, it is easy to select areas 
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which are not profitable for mining. Wherever the area worked 
over is large, they becomes the proper place for storing them, if 
the distance is not too great. 

The mining of clay is generally by digging small pits; these 
are of different sizes according to circumstances of place and 
men to be employed. A common size is a rod square, or an ob- 
long pit of about the same area. These are dug through the 
beds of value, or as deep as practicable. Generally they are made 
of sufficient depth to extract all of a given bed of clay, feldspar , 
kaolin, or other material, which may be worked, and the digging 
or pitting stops at the bottom of that bed. Thus in the fire clay 
banks, they are dug through that stratum, although in some 
places, where there are valuable beds underneath this, the dig- 
ging is continued into these lower beds. The work is often stop- 
ped on account of the water in some pits ; the danger of caving 
in, water flooding and other such circumstances determine the 
depths of the workings. 

It is customary to have on the ground at the side of the pit a 
platform of a few boards, on which the clay or other material is 
thrown, and, if needed, is sorted into different grades. This 
sorting is done piece by piece as the spits are dug. A gouge 
spade is used in digging clay. This differs from the common 
spade in having its blade cylindrical, and the upper edge is 
broader than that of the common spade, a tread to receive the 
weight of the pitman, necessary to cut down into the solid clay 
bed. The lump of clay , or spit, as it is called, thus loosened is taken 
by another workman, who cuts out any nodules of pyrite that 
may be in it, or any other foreign matter which can be removed 
by a knife, and thrown on the platform. This workman sorts 
the clays for ware, fire brick, paper, alum, pipe or other grades. 
The pitman confines his operations to cutting down the clay, 
continuing this over the pit area, and then begins a new apU 
level, and so proceeds till the bottom of the bed is reached. 

In some of the clay banks the working floor or base is lower 
than the top of the clay bed, or on a level with the bottom of it. 
The digging at these banks is not properly by pits, although it 
goes forward by a succession of pit-like excavations. The plat- 
form for the clay is below, the carts are driven to the side of the 
bank and loaded at once by the workmen ; or the clay is carted 
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to heaps near by and there stored, each ^rade or variety by itself, 
or it is taken to boats or cars for transportation to market. 

Wherever the sides or the walls of the pits or banks are weak 
or liable to fall in, these have to be strengthened and the work- 
men protected by planking and bracing. In pits of ordinary 
size three heavy planks, on a side, are sufficient with bracing 
timbers placed across between the opposite sides. Excavation 
into the bank and above a working level is not often attended 
by such dangers. The lateral thrust in pits appears to be the 
more common cause of slides or caving In sinking pits it is 
necessary and customary to leave walls of clay 1 to 2 feet thick 
on tlie sides which have been worked. These act to hold up the 
ground and keep out the water. Most of the danger from slides 
<5omes from these walls and the pressure of wet drip behind 
them. After the pit is dug and before it is filled up, a part of 
the clay walls is taken out so that as little as possible is left in 
the ground. 

Occasionally picks are used instead of the gouging spade, 
when the clay is very hard and compact. At a very few localities 
blasting by powder is employed to break up extra hard clay or 
strong layers associated with it. Undermining and splitting oflF 
large masses of earth, clay, Ac, by wedges or powder is practiced 
at banks where the materials are of a coarser or less valuable 
character. This is common at the rod brick clay banks. It con- 
sists in digging under at the foot of the bank as far as can be 
done with safety, and then either allowing the undermined mass 
to tumble of itself, or to force it off by using powder or wedges 
at the top of the bank. In this manner hundreds and thousands 
of tons are tumbled down at once and broken, making the hand- 
ling much easier than the removal of an equal weight by 
spading and shoveling down from the bank. 

As the beds of clay are nearly always impervious to the flow 
of water there is no water to be removed, except the very little 
rainwater which falls or the leakage from the surface drain about 
the top of the pits. This is usually allowed to accumulate in a 
deeper corner of the pit and is bailed out from time to time with 
a bucket. As the time for sinking a pit of the ordinary size 
does not often exceed two or three days there is little water from 
these sources. The greatest amount of water comes from the 
sand or other layers that are sometimes interstratified with the 
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clay and which allow the water to percolate quite freely through 
them. Sometimes the clay bed is found to be quite sandy in the 
middle and to allow water to leak through. 

At most of the clay banks the bed of clay is underlaid by 
sand, kaolin, or sandy clay and these strata are generally full of 
water so that the bottom of the pits are wet and the pits soon fill 
with water if it is not pumped out or if they are not filled at 
once with earth. In banks where all of the clav bed is above the 
working floor, open ditches or partially covered drains are con- 
structed so that the water can run off without further inconven- 
ience or cost. 

In pits the water has to bo hoisted to the level of the working 
floor, and thence carried off* by drains. Various modes of rais- 
ing water are in use ; the most common is by a pump worked by 
hand at intervals, as is necessary to keep the pit clear and in 
working condition. 

Hoisting by buckets and a windlass has been used in a few 
localities. Steam power has also been employed in a few places, 
where the depth of the ])its and the surrounding wet ground, as 
in tide meadows, furnished a large amount of water to be raised. 
The judicious arrangement of the location and appliances so as 
to avoid heavy expenses in keeping water from the pits, have 
much to do with the profits of clay digging. Comprehensive 
plans and skillful management are as important in this as in 
any other department of industry. The profits of clay digging 
have in some instances been very large, but for lack of judicious 
plans they have not been long continued. 

At a few places in the State the extraction of the clay has been 
by underground work or mining. This consists, on side hills, in 
cutting short drifts, or tunnels, in the clay bed, timbering them 
so as to hold up, temporarily, the superincumbent earth, and, 
when the work is done, allowing it to fall in. By a series of 
drifts side by side most of the bed is in this way worked out. 
There is some loss of material in the clay which has to be left 
at the bottom as a floor and at the top as a roof to hold up the 
overlying sand or other loose material, and to keep out the 
water. These drifts are inclined a little, if the bed allows any 
inclination, to let any water which may get in them by accident 
run out. They are narrow, being only wide enough for the 
passage of men with their barrows or carts. The timbering con- 
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Bists of upright posts set at the sides, at varying distances apart, 
sometimes close together, and at others a foot and a half or two 
feet apart. Upon these, cross beams or sleepers are laid to sup- 
port the roof. These drifts are seldom more than 100 feet long. 
At Furman's mines, on Chesquake creek, shafts are sunk through 
the overlying top dirt to the clay bed, and then drifts are cut in 
this. Here the clay has to be hoisted to the surface in buckets 
by a windlass and horse power. At Morgan's bank, on Raritan 
bay shore, drifts were cut in from pits dug outside of the bank. 
At Isaac De Cou's bank, on the Delaware river, south of Tren- 
ton, the drifts were cut in from the face of the bank. This was 
here possible, as the mouth of the drifts opened several feet above 
water level. An excellent example of mining clay is to be seen 
at Otto Ernst's mines, on Chesquake creek. For the description 
of this, reference can be made to pages 221—224 of this re- 
port, where it is described. 

This mode of mining clays could be adopted at several places 
in the clay belt of this State. Wherever the beds of clay are 
uniformly thick, the bearing heavy, and the clays of superior 
quality and value, it may be practicable and more economical 
than the ordinary mode of stripping off the top and pitting the 
clay. It is costly and attended with risks; and these objections 
must be considered in its application to any locality. It is be- 
lieved that the scarcity of clay at easily accessible depths for 
open working will in the future compel the attention of clay 
miners to it as practicable, and the only way in whicli some of 
our clay territory can ever be made available and productive. 

The digging of fire sand, kaolin and feldspar is carried on very 
much like that of the clays. As the strata are not impervious to 
water, the pits are generally smaller, so that the length of time 
in sinking one is seldom more than a day. The quantity of 
water to be raised is commonly much greater, and in some eases 
it is so large that it is scarcely possible or practicable to get to the 
bottom. In working the strata of these materials there is more 
loss than in digging clay. More of the bed is left in the ground. 
In digging these the gouge spade is rarely used, but ordinary 
shovels and spades, aided occasionally by picks where the mate- 
rial may be more firm or too hard for spading. The loading is 
generally direct from the pit or the side platform into carts or 
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cars, and there are fewer grades, rarely more than number one 
and number two. 

Nearly all of the clays, and all of the feldspar, kaolin and fire 
sand, are sent into market in a crude state. They are shipped 
in bulk, either in boats or in cars. With some varieties, as the 
paper and ware clays, more care is taken in keeping them clean 
and free from admixture with inferior grades. Formerly the 
paper clays were shipped in barrels, but at the present time they 
are generally transported in bulk. 

The improvement of clays by washing is practised at a single 
locality only, by George Such, at Burt's creek, near South Amboy. 
The work is done on a large scale. The following account of 
the principles and practice followed in doing the work, is per- 
haps sufficiently full. 

Clay stirred up in water will remain in suspension a long time, 
while sand, gravel, and nodules and grains of iron pyrites settle 
quickly. And the finer the clay is, the longer it will remain 
suspended in water. Advantage is taken of this property in 
washing the clays and freeing them from impurities. Washing 
has the further advantage, too, of bringing the clay to a uniform 
tint or color. As taken from the bank or pit it may be streaked 
with brown, or yellow, or red colors, or with all of these, but 
after passing through the washing process these colors are all 
blended into one uniform tinti And by a proper selection of 
the white and stained clays, a -great variety of colors are pro- 
duced. 

Mr. Such's works are located on a stream, from which an 
abundance of water can be drawn for all the purposes of the 
w^ashing apparatus. The machinery for washing the clay is 
driven by a powerful steam engine. 

The apparatus for washing consists of large troughs or bins, 
in which the clay from the banks is dumped, covered with water, 
and allowed to stand for twenty-four hours. Other large troughs, 
in which long horizontal shafts, armed with knives, revolve, re- 
ceive the clay. The knives are set at right angles to the shafts, 
and are fastened in a spiral line, so that at every revolution of the 
shaft the clay in the whole length of the trough is thoroughly 
stirred up and mixed with the water, which is constantly stream- 
ing into it. Large vats are used, in which to receive the clay 
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METHOD OF ANALYSIS. 

Tbe method of chemical analysis adopted and parsned in the examinations 
of the clays, /eldsparSf kaolins and fire sands, which are given in this report 
with analyses, was as follows : One gramme of the air dried pulverized material 
was digested in sulphuric and hydrofluoric acids until the silica was com- 
pletely dissipated ; the residue was dissolved in hydrochloric acid (a few 
drops of nitric acid being added to oxidize the iron), and the alumina, scs- 
qui-oxide of iron and titanic acid were precipitated by ammonia '^in some cases 
by acetate of ammonia). In the filtrate the lime was precipitated by oxalate 
of ammonia, and weighed as carbonate. The filtrate from the lime was 
divided into two equal portions. In one of these the magnesia was deter, 
mined, by precipitation by phosphate of ammonia. The second portion was 
evaporated to dryness and heated to drive off the ammoniaoal salts. The 
residue was dissolved and chloride of barium was added to remove the sul- 
phuric acid and then caustic lime to remove the magnesia. The liquid was 
boiled and then filtered. To the the filtrate ammonia and carbonate of am. 
monia were added to remove the chloride of barium and lime ; the liquid was 
filtered, evaporated to dryness and the ammonia salts driven off by ignition. 
The potash was precipitated by bi-chloride of platinum and weighed as 
potassio-bi-chloride of platinum. The alcoholic filtrate was evaporated to 
dryness, the platinum compound decomposed by heating to redness with 
oxalic acid ; treated with water ; filtered ; a few drops of hydrochloric acid 
added ; evaporated to dryness and weighed as chloride of sodium. 

A second sample (one gramme) was treated with hydrofluoric and sulphuric 
acids, as before, and then ammonia added to precipitate the titanic acid, 
alumina and oxide of iron. This precipitate was reserved for the deter- 
mination of the titanic acid. The filtrate was treated as before for the 
determination of the potash and soda, as duplicates. 

A third sample was fused with carbonates of potash and soda ; the fused 
mass treated with water ; hydrochloric acid added in excess ; evaporated to 
dryness to render the silicic acid insoluble ; treated with dilute hydrochloric 
acid ; heated, and then filtered for the total silicic acid. This weighed de- 
termination was checked by the difference in the analysis by hyrofluoric acid. 
The alumina, oxide of iron and titanium were precipitated by ammonia as in 
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the first sample. Lime and magnesia were also determined as before (dupli- 
cate determinations). 

The precipitate in the second sample, reserved for the titanium determina- 
tion, was treated with a solution of caustic potash and heated, to remove the 
alumina. The insoluble portion, consisting of oxide of iron and titanic 
acid, was collected on a filter, burned, fused with bi-sulphate of potash, dis- 
solved in water, and saturated with hydrosulphuric acid gas, to reduce the 
iron oxide. The liquid was filtered and boiled ; the titanic acid was precipi- 
tated and collected on a filter, then burned and weighed. 

For the determination of the quartz the clays were digested in sulphuric 
acid, and the liquid filtered. The insoluble matter on the filter was burned 
and weighed as a duplicate of the total silica. This insoluble matter was 
then boiled in a solution of potash, and the undissolved residue weighed as 
quartz. These determinations were duplicated by the same method. 

The moisture or hygroscopic water, was determined by heating over a water 
bath, and the loss at 212° (100 C.) taken as its amount. The samples were 
then heated to redness, ignited, and the loss noted as combined water. In 
most of the dark-colored clays there was some organic matter. In a few 
analyses this was estimated ; in others the combined water includes very 
small amounts of organic matter. 

The iron was determined by volumetric analysis^ using the method by 
proto-chloride of tin. 
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LIST OF FIRE CLAYS EXAMINED BY THE SURVEY, FOR COMPARISON 

WITH THOSE OF NEW JERSEY. 

AMERICAN CLAYS. 

1. Trucks & Parker, Hokessin, Delaware. 

White and huff colored claya renulting from the decomposition of feldnpar in gran- 
itic rocks. Used for paper glazing and pottery. 

Specific gravity of washed clay, 1.604 — 1.622. 

For analysis of the white clay (washed) see No. 49, page. 300. Collected by 
(Geological Survey. 

2. Mount Savage Fire Clay, from the Union Mining Company, Mount 
Savage, Alleghany county, Maryland. 

A grey, shale clay from the Cumberland coal field. See analysis No. 53, page 
300. Specimen from Jas. S. Mackie, President, 71 Broadway, New York. 

A second sample, received from the mines after printing the analysis above referred 
to, was examined, and found to contain, of sesqui-ozide of iron, 1.12 per cent., and 
of potash, 0.80. 

The following specimens were received from the Pennsylvania Steel Com- 
pany. L. S. Bent, Superintendent. Steel Works post office, Dauphin county, 
Pa. 

3. Fire clay from M. D. Valentine & Brother, Woodbridgo, N. J. 
4 Pensauken (!reek clay, J. D. Hylton, Palmyra, N. J. 

5. Huntingdon County clay, from Sam*l Hatfield, Alexandria, Hunting- 
don county, Pa 

A light buff colored, very sandy, clay, containing 2.00 per cent of water. Some 
streaks stained bv oxide of iron. 

*' A semi-plastic refractory clay, containing a good deal of free sand and is used 
for lining;*, joints and other places where it Is readily held in place." 

6. Lebanon Valley clay, from Horace Keefer, Harrisburg, mined at Sheri- 
dan, Pa. 

Faint buff colored, fine grained, not quite as sandy as (5), contains 5.9 per cent of 
water. 

" A day similar to above " (5). 



342 LIST OF OTHER CLAYS EXAMINED. 

7. Sandy Ridge clay, from W. R. Miller, Center county, Pa. 

A mixed earthy and rock fragment mass, grey, contains 9.9 per cent of water. 

*' A rock clay, poorly plastic, but la non-Rhrinking, refractory and resists chemical 
action, hence is an excellent setting for fire brick after it has been screened and 
boiled." 

8. Woodland clay, from Woodland Fire Brick Company, Woodland, Clear- 
field county. Pa. 

Drab colored, shaly clay. For analysis see No. 50 of table page 300. 

" A clay similar in every respect to the above, possibly a shade more refractory." 

The Cambria Iron Company, Johnstown, Pa., sent the following seven 
specimens of fire clays : 

9 Clay fVom near Mapleton, Huntingdon county. Pa. 

A white, fine-grained, resy sandy, clay. ECas 2.1 per cent of water. Of this 0.5 
per cent, is moisture. 

" Good for lining converters, mixed with gannister.'' 

10. Flint clay, from Solomon's Run, near Johnstown, Pa. Lower coal 
measures. 

Very light drab colored, exceedingly hard and compact ; sub-conchoidal fracture ; 
12.6 combined water and .8 hygroscopic water. Analysis No, 51 of table^ page 300. 

** Fine quality of flint clay from lands of Jacoby and others, adjcnning lands of A. 
J. Hawes. Same can be had on lands of Cambria Iron Company .'' 

11- Springfield Kaolin, from mines of Cambria Iron Company. Found 
associated with hematite ores in lower beds of II. 

White, fine-grained, very sandy mass, reftembliug some loose sand rocks. Con- 
tains 5.0 per cent of combined water and .4 per fcent of moisture. 

" Good for lining converters. Mixed with flint clay makes a cement." 

12 Flint clay from barren measures on lands of A. J. Hawes, at Johns- 
town, Pa. 

Light drab-colored rock clay, not quite as hard as No. 10 ; irregular fracture ; con- 
tains 7.2 per cent, of combined water, and .9 per cent, of moisture. 
" Good for common or second quality of fire brick." 

13. Dark fire clay from lands of A. J. Hawes, 50 feet above coal bed C, 
at Johnstown ; also on lands of the Cambria Iron Company. 

Dark grey rock clay; hard; irregular fracture; water of combination, S.G per 
cent.; moisture .2 per cent. 

" Converter bottoms ; best that can be found for this purpose." 

14 Mineral Point fire clay, near Johnstown. In lower coal measures. 

Light drab-colored rock clay ; hard ; irregular fracture ; combined water, 12.50 per 
cent.; moisture, 0.7. Analysis No. 52, page 300. 

" For rolling mill and blast furnace brick. Best for steel works purpases cemented 
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15. Fire clay firom floor of coal bed B, Miller seam. In Blast Furnace 
mine ot Cambria Iron Company, at Johnstown. 

Grey hard shaje clay ; irregular fracture ; combined water, 4.5 per cent ; hygro- 
scopic water, 1.0 per cent. 

'' Good for a cementing clay to lay flre brick in, &c, SicJ* 

The following two specimens were obtained from John Moses, Trenton, 
New Jersey : 

16. Porcelain clay (Indianaite) from Huron, Lawretice county, Indiana. 

Verj white, tolerably hard and compact. 

Specific gravity 1.878 — 1.972 and 2.040. Varying in hardness and density. Frac- 
ture conchoidal and smooth, opal-like. For composition see analysis No. 54 of table, 
page 301. 

This clay is used in pottery manufacture at Trenton. It is not very plastic 

17. Clay from Pope county, IllinoiB. 

An earthy clay of mixed characters. 
Analysis No. 55, page 301. Used at Trenton. 

Charles Frost & Co., Winchester, Illinois, sent one specimen of 

18 Fire clay from a vein 12 to 17 feet thick, 100 feet under the surface 
and under coal shaft. 

Hard, grey, rock clay of irregular fracture. For its chemical composition see No. 
57 of table, page 301. 
Has not been used in practice. 

The North Chicago Rolling Mill Company, 0. W. Potter, President, sent 
three clays : 

19. Utica clay, La Salle county, Illinois. 

An uneven mixture of yellowish and greyish clay masses. £arthy and crumbling. 
Its composition is given in analysis No. 56, page 301. 

" Very plastic, tolerably refractory. Mixed with quartz is used at these works or 
linings and bottoms of Bessemer converters. Capital clay for such uses.'' 

20. Blue clay, Wilmington, Will county, Ulinois. 
Greenish grey, crumbling shale clay. Has 11.9 per cent, of water. 

** Becomes very strong and plastic by wetting and kneading. Not specially refrac- 
tory. Used at these works for tap holes and repairs about the hearth of blast fur- 
naces and for tap holes of cupolas in Bessemer works. Very good clay for such uses." 

21. Anna clay, Anna, Union county, Illinois. 

Yellowish white, earthy clay, with reddish and yellow streaks of oxide of iron. 
Water (combined) 13.2 per cent 

"Very plastic and tolerably refractory. Used at the works when mixed with 
quartz for linings and bottoms of Bessemer converters and as a mortar for laying fire 
brick, for which it is excellent.'' 
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Evens & Howard, St. Louis, Missouri, sent five samples of clays, as follows : 

22. Glass-pot clay (crude) from Cheltenham, Missouri. 

Grey and greeniBh grey, irregular fracture, hard and compact, i Spedfic gravity 
1.708 — 1.715. For compoRition see analysifl No. 68 in table, on page 301. 
" Very refractory ; used in glass pots and crucibles." 

23. Cheltenham clay, calcined and floated (washed). 

*' Not so refractory but valuable for crucibles, allowing them to expand and contract 
more, with less liability to fracture than crude clay." 

24. Cheltenham clay (washed). 

25. Fire clay from the Evens mines, Montgomery county, Missouri. 

Light cream-colored, conchoidal and smooth fracture, hard and compact ; specific 
gravity 1.769 — 1.789. For its composition see analysis No. 69 in table, page 301. 
" For special purposes and mixed with Cheltenham clay." 

26. Calcined clay from Evens mines. 
Used with Cheltenham clay. 

BRITISH CLAYS. 

The following samples were received through Bell Brothers, Middles- 
borough, England. 

27. 28, 29. Stourbridge clay Nos 1, 2 and 3, (ground), from Harper & 
Moore, Stourbridge, Worcestershire, England. 

No. 1 has 7.9 of water ; 2 has 8.7, and 3 has 11.7. 

30. Stourbridge clay. No. 1, (strong). 
Hard, solid, greyish color ; 7.8 per cent, of water. 

31. Stourbridge clay, No. 2, (mild.)* 

Darker colored, finer grained and softer than No. 1. It has 11.3 per cent, of water. 
These two specimens from King Brothers, Stourbridge. 

32. Pease's West (Durham) clay. 
Black-shale clay; 11.5 per cent, of water. 

33. Fresh-wrought fire clay from the Low Main Seam, South Bcnwell 
colliery, Newcastle-on-Tyne, from Wm. Cochran Carr, Newcastle. 

Black-shale clay. 

34. Fire clay from J. Walker & Co., Kingswinford, North Dudley. 

Grey-shale clay (ground.) Contains 8.6 per cent, of water. 

*Tlio mild StourbrldKe cXav is perlmns fiilrly reprosenteU by analysis No. 63 of tbe ttiblo, on page lioi 
from HpecimeuM sent by A. K. Hay, ol WInslow, N. J. 
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35. Fire clay from Soath Branoepath colliery, Durham ; Bell Brothers. 
Haid, dark grey-shale clay ; 10.2 per cent, of water. 

36- Fire clay from Wm. Ingham & Sons, Wortley, near Leeds. 
Hard, compact, grey, rock day. Water 11.8 per cent. 

37- Fire clay from Joseph Cliff & Sons, Wortley near Leeds. 
Grey-shale clay ; 9.5 per cent, of water. 

38. Fire clay from W. Stephenson & Sons, Throckley colliery, Newcastle. 
Sample ground. Has 7.1 per cent, of water. 

Dr. C. W. Siemens, London, sent samples of Glenboig and Stourbridge 
clay and gannister, as follows : 

39. Glenboig star fire clay, Glenboig, Scotland, from James Dunnochie, 
Glasgow. 

Light, drab-colored, close grained, rock clay. Analysis No. 61 in table, page 301, 
gives its composition. 

40. Glenboig gannister, from James Dunnochie. 
A close grained light greyish sandstone. 

41. Stourbridge pot clay (strong) from Mobberley & Bayley, Lye, near 
Stourbridge. 

Grey, solid rock clay. Analysis No. 62 in table, page 301. 10.4 per cent of water. 

42- Stourbridge pot clay (mild), from above firm. 

Light greyish, compact, rock clay. It has 9.9 per cent of water. 

43, 44- Stourbridge clay (burned and unburned samples), from George 
King Harrison, Stourbridge 

Brown, Bayley & Dixon, limited, Sheffield Iron and Steel Works, Sheffield, 
England, sent the following samples : 

45- Crucible fire clay, D. Sharrott, Halifax, Yorkshire. 

A grey shaly clay. Analysis No. 65, page 301, gives itti composition. 
" High class fire brick, cupola linings and Bessemer steel makers reciuirements. 
The bricks are excellent." 

46. Crucible fire clay, E. I. & J. Pearson, Stourbridge 

Grey, hard and solid. 

"Steel melters, crucibles, glass pots and retorts. Very good where liable to sudden 
changes from high to low temperatures." 

47. Brick fire clay, Thomas Wragg, Sheffield. 

Dark-colored, stony clay, uneven grained, not homogenous in structure. 
"From this clay Sheffield fire brick are made. Not of very good quality." 
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48- Crucible fire clay, Thomas Wragg, Sheffield. 

Dark drab-colored shale clay. 

'' From this tuyeres and stoppers are made for Bessemer process. The tuyeres are 
very good." 

49. Crucible fire clay, John Knowles & Co., Woodville, Burton-on-Trent, 
Derbyshire, from 25 yards deep. 

Grey, rock clay. 

'' This is the well known Derby clay — for steel makers' crucibles probably the best 
in England. The clay seam varies from 4 to 7 feet in thickness ; is got in same way 
as coal. It commands a high price." 

50. Same locality as above, 50 yards deep. 

Dark drab-colored, shale clay. Has 13.0 per cent of water. Analysis No. 64 on 
page 301. 

51. Crucible fire clay, Farnley Iron Company. Limited. Farnley, Leeds. 

Dark-colored, coarse grained rock clay. 

" From this clay the well known productions of the owners are made.'' 

52 Crucible fire olay,ADdrew Peak, Horwichtown^ Lancashire. 

A grey, fine grained, shale clay. 

" Used chiefly for tuyeres, stoppers, Slc,, for the Bessemer process." 

53- Crucible fire clay, Garnkirk Fire Brick Company. Limited. Glas- 
gow and Lanark, Scotland. 

No. 1. Black, slialy clay. Analysis No. 60, page 301. Water and organic mat- 
ter 16.4 j)er cent. 

54. Same locality. No. 2. 

Drab colored and not so shaly as No. 1. Water 13.7 per cent. 

55. China clay, from Redruth, Cornwall, from George Smith, F. G. S., 
Coalville, Leicester. 

A kaolin clay, very white, consisting of clay and quartz in angular grains. Water 
(combined) 7.2 per cent. Analysis No. 66, page 301. 

" This in porcelain, or china clay. Is used with other clays to give toiipjhness to 
vessels liable to sudden changes of temperature. Will bear frequent heating and 
cooling — high priced." 

56. Joseph Cowan & Co., of Blaydon Burn, near Newcastle-on-Tyne, 
sent a specimen of grey, shaly clay. 

Thomas Belt, F. G. S., of London, sent two specimens of china clays as 
follows : 

57. China clay (kaolin) from Cornwall, England. 

\ery white and gritless. Contains 11.9 per cent of water (combined). 
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58. China stone, Cornwall, ground and used in Staffordshire. 

FRENCH CLAYS. 

From Petin, Gaudet & Co., St. Chamond, Department Loire, ten samples 
were received : 

59. St. Egreve clay, Department Isere, sold by Fumet. 

White, 8andy clay, containing 6.2 per cent of water. Used in converters. 

60 Orange colored clay, same place. 
Sandy. 1.4 per cent of water. 

61. White sand, from Voiron, Department Isere. Rosset fils et cie. 

Used in convertenj. 

White, has 3.6 per cent of water. 

62- Fire clay, same place and same use. 
White and sandy ; 3.2 per cent of water. 

63- Macon clay. Department Saone et Loire. No. 1 sold by M. Taupenot. 
Sandy clay ; 6.0 per cent of water. Used in fire brick. 

64. Lean clay, from same place. 

Salmon colored, sandy clay ; 4.6 per cent of water. Used in coke foundry fur- 
naces. 

65. HoUene clay. Department Yauoluse, sold by Carron Jeune. 
White clay, containing a little sand. Water 10.9 per cent. For fire bricks. 

66. Courpierc clay, Department Puy de Dome, No. 2, sold by Fraisse 
freres. 

White, some quartz sand in it Water 10.5 per cent Used for crucible covers. 

67. Courpiere clay. No. 1, same place and dealer. 

Pearl grey, fine, very little quartz. Water 11.8 per cent Used in crucibles. 

68. Mussidan clays. Department Dordogne, sold by Baignot freres. Used 
in making crucibles. 

White, fine grained and compact Water 13.1 per cent 

Schneider & Co., Creusot, Department Saone et Loire, sent six samples of 
fire clays, used in their works. They are as follows : 

69. Bollene clay, near Avignon, Department Yauoluse. 

Faintly variegated, shades of red and green in white mass, dense, contains 12.9 per 
cent of water. 
*' Blast furnaces where the heat is most intense." 
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« 

70. Clay from Decize, Department de la Marne. 

White, with streaks of yellow. Water 10.2 per cent. 
*' Bl»st furnaces where the heat is low.'' 

71- Clay from Lezanne, Department de la Marne. 

Drab colored compact clay. Water and organic matter 15.2 per cent 
'^Converter tayeres and special shapes for steel works." 

72- Clay from Macon, Department Saone et Loire. 

Salmon colored clay. Grains of quartz quite coarse. Water 6.7 per cent. Analy- 
sis No. 72, page 302. 

" Is used with Lezanne clay for converter tuyeres." 

73. Clay from Gravoine, Department Saone et Loire. 

Coarse granular mixture of quartz and white clay. 4.5 per cent of water. 

** Puddling and preheating furnaces, Siemens' regenerators ; Cowper stoves ; coke 



ovens." 



74. Quartz from Dorat, Department Haute Yienne. 
" Silica bricks for melting furnaces." 

From the Compagnie des Fonderies et Forges, Terre Noire, La Voulte et 
Besseges, five samples of fire clays used in their works, were received. 
They are : 

75. Macon clay, raw or crude. 

White, sandy, coarse grained. Water 1.9 per cent. 

76. Macon clay (prepared). 

The preparation consists in drying on heated plates, then grinding it. rseil for 
Bessemer converter bottoms. Sometimes bear over 40 successive heats. Water in it 
2.0 per cent. 

77. Bollene clay. 

Fine white clay. For its composition sec analysis No. 72 in table, on page 302. 

"This is the most noted and most sought after of French clays, for the manufacture 
of refractory materials. Used one-third crude and one-third burned, with one- 
third quartz sand for tuyeres of Bessemer converters and steel furnace hearths." 

78. Voreppe clay. 

Brown earthy and coarse sand in it. Water 3.2 per cent. 

"It serves for the linings of converters. Mixed with one-tliird quartz sand it is 
used for repairs in the Siemens-Martin steel furnace." 

79. Varielle clay. 

Snuff-colored, coarse grains of sand. Water 3.9 per cent. 

" Useil without preparation or mixture for steel pots. It i» moderately refractory 
and shrinks in the lire. Its use is verv limited." 
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The Bollene clay shrinks considerably in the fire. Yoreppe clay being 
mostly quartz, shrinks little. Macon clay also contracts but little, and 
becomes very hard in the fire. 

BELGIAN AND GERMAN CLAYS. 

M. A. Greiner, Manager of the Steel Works, at Seraing, Belgium, sent 
ten samples of clays : 

80. Soree Francesse clay. 

White, sandy, dense clay ; 7.8 per cent of water. 

Lean clay, rarely used, except previously calcined for cement. 

81. Natoye clay. 

White, solid, sandy clay, containing 7.4 per cent, of water. 
L'sed as above for cement only. 

82 Yandaigle clay. 
Greyish white, little sandy ; contains 9.2 per cent, water. Used as above. 

83. Strud (pale) clay. 

Dark greyisli, solid, and contains 11.5 per cent, of water. 

A strong clay, used mixed with others ; and sought after in the manufacture of 
glass and steel. 

84. Strud (slate) clay. 

Very dark-colored and dense. Water 13.6 per cent. Used as strud (pale.) 

85- Nanines, No. 2, clay. 

White, solid, little gritty ; water 9.3 per cent Used as strud clays. 

86' Nanines, No. 1, clay. 

Black, hard and dense ; 14.8 per cent, of water. 

87. Soree (fine) clay. 

White, solid and fine clay. 13.1 water. For its composition see analysis No. 68 
in table, page 301. 

A very rich clay used in the manufacture of artificial stone, beginning to vitrify at 
a red heat without losing shape. 

88. Soree, No. 3, clay. 

Drab-colored, fine grained, little sandy, solid ; has 7.8 per cent, of water. 

89. Frankenthal clay from Frankenthal-on-the-Rhine, Germany. 

White, very little grit; water 12.6 per cent. Analysis No. 69 in table, page 301. 
Very refractory. 
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From A. K. Hay, of Winslow, N. J., the following sample was received : 

90. Olass pot clay from Coblents, Germany. From A. K. Hay's glass works, 
Winslow, N J. 

White, dense, specific gravity 2.229 — 2.266 ; fine grained sand in it. Analysis No. 
70, page 301. Imported for glass pots. 
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ANALYSES OF BOMB AMERICAN FIRE CLAYS. (Copied). 





1 


2 


3 


4 


5 


6 


7 


8 


Silica 


50.46 
85.90 
12.74 
traces 


44.95 
37.75 
13.05 

0.98 

0.30 
0.21 
2.70 


60.15 
35.60 
13.61 

0.07 

0.11 
0.16 
0.83 


45.42 
36.80 
12.65 


46.90 
89.60 
13.80 


60.97 

26.38 

8.93 

0.82 

0.85 
0.23 
1.46 


61.02 
26.64 
9.68 
0.48 
25 
0.70 
0.08 
1.70 


59.60 


Alumina 


26.41 


Water 


10.48 


Potash 


0.29 


Soda 




0.17 


0.16 


Lime 


0.13 

0.02 

1.50 

traces 


0.87 
0.45 
3.33 
0.48 


1.00 


Magnesia 


0.07 


Oxide of iron •••. 


1.61 


Oxide of manganese 

SulDhuric acid 






0.07 


0.14 
0.03 










fiisulnhide of iron 














Sulohur 












0.45 


0.38 


















Total 


100.75 


100.01 


100.70 


100.00 


100.47 


99.64 


100.00 


100.00 



1. Mount Savage fire clay, by Prof. J. M. Ordway, Massachusetts Institute of Tech- 
nology. 

2. Fire clay, Sandy Ridge, Centre county, Pennsylvania, Andrew S. McCreath, 
Second Geological Survey of Pennsylvania (1874, M. 80). 

3. Fire clay, mine at Clearfield, Clearfield county, Pennsylvania. Same report 
(M. 81). 

4. Fire clay, Johnstown, Pennsylvania. Analysis by T. T. Morrell, Second Qeo* 
logical Survey of Pennsylvania (R. P. H. H., p. 147). 

5. Kaolinite scaler, Tamaqua, Pennsylvania, (mean of two analyses purified by 
chlorhydric acid). Preliminary report on the Mineralogy of Pennsylvania, by F. A 
Genth, Second Geological Survey of Pennsylvania, B. 119. 

6. Fire clay of Charles Frost & Co., Winchester, Illinois. Analysis of Chauvenet 
& Blair, St. Louis, Missouri, (communicated by C. F. & Co.) 

7. Fire clay, Cheltenham, Missouri, (crude). Analysis by Prof. A. Litton, (circu- 
lar of EveuR & Howard). 

8. Fire clay, Cheltenham, Missouri, (washed). Analysis by Prof. A. Litton, (circu- 
lar of Evens & Howard). 
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BRITISH FIRE CLAYS. 



Copied from Percy's Metallurgy. Fuel. Pages, 98-100. 





1 


2 


3 


4 


5 


6 


7 


8 


9 


Silica 


65.10 

22.22 

0.18 


48.04 

34.47 

1.94 


45.73 

34.14 

0.45 


48.08 

36.89 

1.88 


67.12 

21.18 

2.02 


53.05 

28.13 

4.19 


55.50 
27.75 

2.19 

with 
ClaSoS 

0.44 
0.67 
0.76 


46.32 


46.29 


Alumina.... 


39 74 "^nng 


Potash 






Soda 






Lime • 


0.14 
0.18 
1.92 

•••••••• 


0.(56 
0.45 

3.05 


0.79 
0.74 
1.76 


0.55 
trace 


0.32 
0.84 


0.17 
1.20 


0.36 
0.44 
0.27 


0.50 


Mairnesia 




Protoxide of iron 


0.27 


Sesqui-oxide of iron.. 
Oxide of manganese.. 
Water (combined).... 
Water (hygroscopic).. 

Organic matter 


2.26 


1.85 


2.48 


2.01 




trace 

10.17 

4.45 

0.70 
trace 






7.10 
2.18 

0.58 


11.15 


10.87 


4.82 

1.39 

and Oo2 

0.90 


5.82 
2.20 

2.82 


10.53 


12.67 


12.67 




trace 






Titanic acid 


















......... 








Total 


99.60 


99.76 


98.93 


100.53 


100.54 


100.06 


99.84 


99.80 


99.82 





1. Stourbridge clay. Best clay used for glass pots. Silica is partly free, gritty sand 

2. Clay from Stannington, near Sheffield. Weighed for analysis after desiccation 
at 100° C. (212° Fahrenheit). Used for cast steel pots. 

3. Edgemount, near Sheffield. Analysis of sample dried at 212°. Used in making 
crucibles for melting cast steel in, and said to be excellent for that purpose. 

4. Edensor, near Derby. Analysis of sample dried at 212°. Used for cast steel 
pots. 

5. Dowlais, South Wales. Considered the best fire clay at Dowlais. 

6. Dowlais, South Wales. This clay melted down on the bridge of a balling furnace. 

7. Newcastle-on-Tyne. The soda contains some chlorine and sulphuric acid. 
From Blaydon Brown colliery in Tyneside. Used in fire brick. 

8. China clay from Cornwall. Analysis of specimen dried at 100*^ C. 

9. China clay from Cornwall. Analysis of specimen dried at 1C0° C. 

These arc said to be the finest china clay in Cornwall. The two analyses are of 
the same clay by diiSerent men. 
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DINAS "clay." 



Copied from Percy's Metallurgy. Fuel. Page 147. 



Silica 

Alumina 

Protoxide of iron. 

Lime 

Potash and Roda... 
Water combined... 





1 


o 

ml 




98.31 
0.72 
0.18 
0.22 
0.14 
0.35 


96 73 




1.39 




0.48 




0.19 




0.20 




0.50 








99.92 


99.49 



These analyses give the composition of the sand rock which is used in making the 
celebrated Dinas brick. One per cent of lime is put in the mixture. These bricks are 
remarkable for their endurance at high heats and for their property of swelling and 
making a tight roof for furnaces. 

FIRE STONES AND FIRE CLAYS. 
ANALYSES BY RILEY. 

Copied from the Journal of the Iron and Steel Institute No. 2, 1875, page 522. 



• 


1 


2 


3 


4 


5 


6 


Silica 


56.42 
26.35 
10.95 
0.48 
0.60 
0.55 
1.33 
1.15 
2 80 


65.41 
30 55 


55.61 
27.50 
6.96 
0.81 
0.32 
0.79 
1.91 
0.33 
2.12 


62.35 
18.47 
5.22 
2.47 
trace 
1.36 
4.77 
1.10 
4.15 


59.33 
22.01 
8.18 
2.42 
0.36 
1.47 
4.80 t 


98.94 


All raina 


0.57 


Combined water 


0.42 


Potash 


0.55 
0.69 
0.64 
1.70 
1.33 




Lime 


0.62 


Magnesia 


0.21 


Sesqui-oxide of iron 


0.67 


Titanic acid 




Moisture 


1.38 












100.63 


100.87 


96.3^ • 


99.89 


99.95 


101.43 



• Organic matter, 8.34. f Protoxide of iron. 



1. Glenboig clay, Star Works. 

2. Glenboig clay, calcined. 

3. Etherley clay. 

4. Derbyshire clay. 

5. Mine shale, Dowlais. 

6. Sheffield gannL^ter, hard. 

23 
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ANALYSES OF SOME BELGIAN AND GERMAN CLAYS. 



vSilica (combined).... 

Alumina 

Water 

Potash 

Soda 

Lime 

Magnesia 

Scsqui-oxide of iron . 

Sand 

Moisture 



1 I 2 



I 



4 I 5 



36.69 

34.78 

10.73 

0.41 



38.21 

33.47 

11.81 

1.18 



32.18 



6 



35.35 39.32 



37.95 35.36 



10.02 
3.00 



11.72 
1.24 



38.94 
36.30 



9 



35 05 
7.43 j 14.52 
3.18i 0.42 



19.99| 40.53! *46.59 

17 31 38.54! 3'^.54 

5.70l 13.00! 9.69 

0.46' 0.66! 1.32 



Total 



0.68 
0.41 
1.80 
9.95 
1.27 



0.93' 0.04 0.16 

0.67 j 0.11 07 

4.60 0.95 2.69 

9.43 14.79' 12.41 



0.16' 
1.11 
2.30 
8.01 i 



0.19 
0.19 
0.46 
4.90 



3.081 3.26 



0.56 
55.89 i 



0.08! 
0.38 
0.90' 

5.15; 



3 02 

1.28 
0.69 



96.72- 100.30 99.041 99.0o' 99 64! 99.18'' 99.91 



99.24 99.13 



* Including sand. 



1. Andennep, Belgium. Best Belgian clay, according to Bischof. (Dihgl. Polyt. 
Jrmrn., 200, 110 and 289). 

2. Vallendar, near Coblentz on the Rhine, Germany. 

According to Richter's tests glazed at melting point o^ steel. (Kerl's Muspratt's 
Chemip., 5 S. 623). 

3. Ebemhahn, near Vallendar. According to Biwhof *8 tests very refractory. Very 
much sought after for glass works use. (Kerl's Muspratt^s Chemis., 5 S. 623-4). 

Muhlheim on the Rhine, between Coblentz and Andemach. Moderate) v rt-fractorv, 
very phistic; with cement very refractory. Kerl's Muspratt's Chei»i>!., 5 S. ♦VJ3-4. 

o. Orunstadt, Bavarian Palatinate, used for glass pots and steel crnfil»le>. Fire- 
resisting power 30, as compared witli Saarau (No. 6), which is put at 1(M», and stand- 
ard of comparison. (Bischof, Dingl. Polyt. J., 185 ; 39 and 200 ; 110 and 2S1)). 

6. Saarau, Silesia, (washed clay). (Bischof in Dingl. Jour. 1. c.) 

7. Saarau clay (crude). According to Bischof, (Dingl. J., I.e.), fire-resisting power 
of this clay, as compared with No. (>, is only 50. 

8. Zettlitz, Bohemia, washed kaolin. (Bischof in Dingler'sJourn.). Fire resisting 
]»ower 60-70. 

9. Passau, Bavaria, kaolin or porcelain clay. (Knaffl., 1860, in (iuml»ers Gt'<»i;nr)>- 
.ti<iche Beschreibungdes Ost Baierischen Grenzgebirges S. 359. ) 
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ANALYSES OF SOME BELGIAN AND GERMAN CLAYS. 



Silica (combined).... 

Alumina 

Water 

Potash 

Soda 

Lime 

Magnenia 

Sesqui-oxide of iron , 

Sand 

Moisture 



1 



I 



36.69 38.21 

34.78 33.47 

10.73 11.81 

0.41 1 1.18 



32.18 

37.95 

10.02 

3.00 



4 i 5 



35.35 

35.36 

11.72 

1.24 



39.32 

35 05 

7.43 

3.18 



38.94 19.99! 40.53! *46.69 



36.30 

14.52 

0.42 



17 31 
5.70 
0.46 



38.541 3'>.54 

13.00' 9.69 

0.661 1.32 



0.68; 

0.41 1 
1.80 
9.95 
1.27 



Total 



0.93: 0.04 

0.67 j 0.11 

4.60 0.95 

9.43 14.79 



0.16 

007 

2.69 

12.41 



0.16 
LU 
2.30 
8.01 
3.08 



0.19 
0.19 
0.46 
4.90 
3.26' 



0.56 
55.89 



0.08 
0.38 
0.90 
5.15 



3 02 
1.28 
0.69 



96.72 100.30 99.04. 99.00' 99 641 99.18' 99.91' 99.24 99.13 



* Including sand. 



1 

■ 

I 



1. Andennes, Belgium. Best Belgian clay, according to Bischof. (Dihgl. Polyt. 
Joum., 200, 110 and 289). 

2. Vallendar, near Coblentz on the Rhine, Germany. 

According to Richter's tests glazed at melting point of steel. (Kerl's Muspratt's 
Chemis., 5 S. 623). 

3. Ebemhnhn, near Vallendar. According to Bischof's tests very refractory. Very 
much sought after for glass works use. (Kerl's Muspratt's Chemis., 5 S. 623-4). 

Muhlheim on the Rhine, between Coblentz and Andernach. Moderatelv refractory, 
very plaj«tic; with cement very refractory. Kerl's Muspratt's Cheini?*,, o S, ()23-4. 

5. Grunstadt, Bavarian Palatinate, used for glass pots and steel crucibles. Fire- 
resisting power 30, as compared with Saarau (No. 6), which is put at 100, and -itaiul- 
ard of compari-son. (Bischof, Dingl. Polyt. J., 185 ; 39 and 200 ; 110 and 2S0). 

6. Saarau, Silesia, (washed clay). (Bischof in Dingl. Jour. 1. c.) 

7. Saarau clay (crude). According to Bischof, (Dingl. J., I.e.), fire-resisting power 
of this clay, as compared with No. 6, is only 50. 

8. Zettlitz, Bohemia, washed kaolin. (Bischof in Dingler's Joum.). Fire resistintr 
power 60-70. 

9. P«issau, Bavaria, kaolin or porcelain clay. (Knaffl., 1860, in Gnnil)ers (ieojino.— 
tische Beschreibungdes Ost Baierischen Grenzgcbirges S. 359.) 
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Index. 



Page^ 

Abbott, Dr. C. C, clay on fairo of. ^ 237 

Accidental or foreign constituentn in clay 273 

Acid, hydrochloric, uned to remove oxide of iron 835 

Aiken'8 fire sand, see M.Compton 

Alhion mill, clay outcrop at 228 

Alkaline nilicatefl fusible 295 

Alluvium of tide marshes 21 

Alum clay ^ 52, 87, 90, 92, 95, 97, 168, Ac. 

use of clay in manufacture 317 

Alumina, excess of, in New Jersev clays 270, 293 

and silica, relations of, tor refractoriness 296 

Amber in clays 280 

fire clay 67, 104, 197 

stoneware clay « 72, 220 

Amboy clay mines 218 

Analysis, chemical, shows refractory power of clay 295 

Analyses, chemical, valuable ^ 267 

Analysis, method of ^ 339 

results of. 268 

nature of specimens used 77 

of clay. Dr. C. C. Abbott 238, 300 

Andennes, Belgium, clay... 354 

fire clay, Charles Anness & Son 116, 297 

W. H. P. Benton 114, 297 

sandy (pipe clay), W. H. P. Benton 113, 299 

fire (retort) clay, Wm.H. Berry 83, 297 

Sipeclay, Wm. H. Berry 82, 299 
ritish clays 301, 352, 353 

white fire clay, Charles A. Campbell & Co 151, 298 

Cheltenham, Mo., clay 301, 361 

brick clay, Chesquake creek 317 

clay, Mrs. Clark 206, 299 

Clearfield county. Pa., clays.. 300, 351 

fire sand, M. Compton 160, 299 

clay, James Conrad 259, 300 

Cornwall clays 301, 352 

fire clay, Crossman Clay and Manufacturing Company 146, 297 

No. 2, Crossman Clay and Manufacturing Company... 146, 298 
top white clay, Crossman Clay and Manufacturing Company ... 146, 299 

fire clay, H. Cutter & Sons 109, 297 

ware clay, H. Cutter & Sons 109 

black clay, 11. Cutter & Sons 107, 299 

clays from Delaware, Maryland and Pennsylvania 300, 351 

Derbyshire clay 301, 352, 353 

Dinas clays 353 

fireclay, Wm. B. Dixon 79, 297 

clay, A. J. Disbrow 181, 299 

Dowlais clay 352 
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Analysis of stoneware claj, Joshua Eavre 243 

Jeld&par, Edgar Brothers..' 137, 298 

fire clay, B. Ellison 165, 166, 297 

stoneware clay, Otto Ernst 224 

Etherley clay 353 

feldspar, (tables of) 62, 298 

fire clavs, table of. 297, 351 

sand 299 

fire clay, David Flood 159, 297 

/cW«par, Forbes farm 122, 298 

fire clay, Freeman & Vanderhoven 164, 298 

stoneware clay, Noah Furman 226 

German clays 301, 354 

Glenboigstar clay 301, 353 

Gruenstadt clay 354 

fire clay, A. Hall & Son 96, 297 

J. D. Hylton 248, 300 

sand, J. D. Hylton..... 247 

clays from Indiana, Illinois and Missouri 301 

pipe clay, Isaac Inslee, Jr 127, 299 

clay, Island farm 175, 299 

Johnstown, Pennsylvania, clays 300, 351 

kaolins (table of).' i\Sy 299 

/eWflpar, Knickerbocker Life Insurance Company 126, 298 

lignite (Chesquake creek) '. 75, 279 

clay, B. A. Lodge 251, 30O 

fireclay, Loughridge <& PowerH 92, 297 

extra sandy clay, Loughridge & Powers 93 

stoneware clav, S. A. Meeker 99, 299 

kaolin, Merritt's pits 130, 299 

Mount Savageclays 300, 351 

brick clay, Mulford & Pine 241, 317 

New Castle, England, clays 352 

clay of the pipe clay bed 56 

Passau clay 354 

clays of the Raritan fire clay bed 46, 297 

Karitan jjotters' clay bed clays 43 

Kheninh clays 354 

fireclay, E.F. Ro»>ert8 U\ 298 

E. F.<& J. M. Roberts 201, 298 

paper clay, E. F. & J. M. Roberts 203, 298 

stoneware clay, E. R. Rose <& 8on 210 

Saarau clavs 354 

pipe clay, Salamander Works 69 

Handy Ridge, Pa., clay 351 

fireclay, Sayre& Fisher 1S9, 298 

front brick clay, Sayre <& Fisher 1S(), 299 

clavt* from Sheffield 352 

Sheffield gannister 353 

clavs of South Arabov fire clay bed (17, 298 

kaolin (rom Staten Island .'. 131, 299 

clays of the stoneware clay bt^l 72 

Stourbridge clays * 'M)\, 352 

paper clay (washed), George Such 19>^, 29S 

Taiuaqua, Pa., kiiolinite 351 

clay (washed), Trenton 23t'), 300 

clavs from Trenton and Southern New Jersev 300 

Utica clav, Illinois .*. 301 

fire clav, R. N. & H. Valentine 154, 29S 

sami, R. X. & H.Valentine 15t), 299 

kaolin, Wanhington ITS, 299 

Winchester clay, Illinois 300, 351 



INDEX. 359 

Page. 

ADalysis of clavs of Woodbridge fire clav bed 51, 297 

clay, Isaac Webater .'. 232, 299 

ZeUlitz clay 354 

Andennes, Belgium, clay, analvBiB of 354 

Anderson, Aaron C. & Company, clay bank of. 235 

Andromeda 28 

Annem, Charles & Son, clay pits 115 

feldspar and kaolin pits of 117 

Appleget, Charles H., clay on lands of. 254 

Araliopsis 29 

Area of cla\' districts 14 

Assanpink creek, clay near ^ 236 

Atrypay reticularis 30 

Auger, style of, for boring 321 

use of, in boring 321 

Austin, Joseph, clav pits 246 

Available clay land, how shown 325 

illustrated 326 

Ayers, David, clay bank 86 

tN. B. road) 93 

Azoic formation, southe.*ist belt of. 305 

rocks, clays formed from 262 



Barren intervals, or lands 250 

Base?', fluxing, in clays 295 

Bavarian clavs, analvses of. 354 

Beach structure of drift sand 171 

Bear swamp 234 

J5«irinp, removal of. 327 

Betlrt of clay not continuous 50 

Belgium, clays from 301, 349 

Bell Brothers, clay from 344 

Belt, Thomas, clay from 346 

of azoic rocks, southeast of clays, &c 305 

Bennett's mills, clay at 254 

Benton, W. H. P., clav pits of 113 

Berry, Wm. II., clay pits 82, 85, 93, 98 

Bethlehem, clay mine near 261 

Billingsport, cfay at 251 

Bischof, C, analyses of. 354 

lire tests of 294 

formulas for refractory power 296 

reference to 293, 294, 295, 296 

Bissett's, James, clay bank 180 

Black clay, great extent of 91 

of H. Cutter & Sons, analysis of. 107 

Blake, see Jolmson & Blake 

Blasting used to throw down clay 249, 330 

Blufl along Delaware river 237, 239, 242, 244 

Bollene (France) clay, analysis of. 302 

Bolton pit, set; Whitehead Brothers' bank 

Bonhamtown, clays in vicinity of 161 

Bordentown, clay at 239 

section of bluff at 239 

Boring for clay 320 

by Crossman Clay and Manufacturing Company, E. h A. B. R. 148 

at Savreville, by M. Higbee 190 

of L. V. R. R. Company, Perth Amboy 183 

B. Valentine, farm 140 
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Boring for well, H. F. Worthington's yard •J...- 183 

Bottle clay 1,..; 143, 145 

Boulder, or glacial drift T"r^ '^ 

Boulders in glacial drift, Middlesex county .\i 15 

large sixeof. tv**** ^^ 

in clay m 101 

at clay pitn, Trenton ^..* 236 

Woodbridge ^. 84,95 

Boundaries of plastic clay formation >A» 26 

Brick, J. K., estate, clay bank of. Y..! 195 

potters clay jZ2A^* ^^ 

clay bank, fossil leaves at t^t^- 29 

clo^ 91, 113, 116, 147, 177, 178, 180, 182, 18o^87, 241, 254, 264, 316 

statistics of .77.\ 187 

fire, manufacture of. 311 

front, clay for 186 

hollow 316 

manufacture 78, 91, 125, 147, 158, 162, 314 

Bricks, statistics of. 187, 312, 315 

strength of. 314 

weight of. 315 

white : 315 

Bricksburg clays 255 

Bridgeboruugh clay 245 

Bridgeport, clay at'. 252 

British clays received, list of. 344 

analyses of. 301, 352 

Brown, Bayley & Dixon, clays from 345 

Building materials, use of clay for 314 

stones, strength of. 315 

"Bunks" in the fire clay beds 91 

Burlington county, clays in * 238, 258 

Burt's creek, clay near. 195, 197, 211 

clay washing works at 333 

o. 

Cambria Iron Co., clays from 342 

Campbell, Augustine, clay pits of 141 

Charles A., kaolin from 131 

& Co., clay banks of. loO 

tire sand pits of l'')2 

J. H. Estate, clay bank 86 

Carbon in black clay U>7, 142, 278 

of clavs removed bv heat -90 

value as fuel 291 

Carman, T. L., clav pits lt>2 

C. C. ware .* :i08 

C^^ment manufacture 318 

Portland, ur»o of clay in 317 

Centennial BuiMing of New Jersey 316 

Cheltenham, Mo., analvsis of clav 3(>1 

Chemical constitution of clays related to fusibility 292 

Chesquake creek, clay alon^ 217, 22^, •"}17 

Chicago RoUin^ Mill Co., clays from :M3 

China clays, analyses of. ."."1, :V)'2 

Cinmiiiinm nm Jh'Kni '..9 

Clark, Mrs., clay, South Amboy I'S 

Clark.-ville, chiy oiitcn^p near 233 

Clays, a<ci<iental or foreign constituents of 273 

alum 52, 87, 90, 92, 90, 97, 1G.S, ami li.-i uiulei Ihiv :..ry 
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Page. 
Clay banks, descriptions of. 78 

beda, erosion of. 42, 49, 50, 6(i, 71, 85, 153, 187, 198, 220 

of Middlesex county, general section of 38 

strike of. 35 

boring for 320 

Clays, brick.. 91, 113, 116, 139, 147, 177, 178, 180, 182, 185, 187, 241, 254, 2(J4 

cliemical componition of 267 

classitied ac^cording to chemical composition 270 

coloration of, by oxide of iron 52, 67, 72, 134, 191, 279 

Clay digging in New Jersey, earliest 1 

^\SS\^S of..... ', 327 

district of Middlesex county, configuration of surface 7 

elevations in 8 

map of, described 22, 324 

geologj of. 23 

geological structure of. 33 

local details of. 76 

extension of, westward across the State 229 

discoloration of 151 

exploring for 319 

Clays, fire, localities of. 45, 47, 54, 64, 229, and see (Mays 

tables of analyses of. 297, 351, 352, 353, 3o4 

tests of .'. 303 

fluxing buses in 294 

Clay Formation, boundaries of. 26 

thickness of. 27 

age of. 27 

fossils in 27 

dip of beds 36 

source of materials of. 30, 304 

sub-divisions of. 33 

columnar section of. 34 

Clays, formulas of composition 209, 271, 272 

Clay for glass pots 80, 313 

Clays, geological origin of New Jersey 304 

improvement of. 198, 334 

Clay in the glacial drift 89, 94 

infusible 311 

lands, available for working 325 

Clays, microscopic examination of. 280 

Clay mining 331 

Morgan & Furman 213 

of Otto Ernst 221 

on the Delaware 237 

mixed with shale 170 

Clays, mode of transporting 333 

Clay pits, how dug 329 

removal of water from 331 

Clay, prices of. 1, 3 

properties of. 283 

purification of 309 

purity of , 203 

raising from pits 331 

refractory power of. 289 

shrinkage of. 289 

sorting of 204, 329 

stoneware, analyses of 72 

localities of. 69, 97, 99, 111, and list under directory 

economic uses of. S07 

use of in alum making 317 

brick making 314 

paper manufacture 317 

24 
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Clay, aseofin pottery manufactare ^ 807 

uHed for retorts 313 

paper glazing 108, 1»8, 203, 317 

refractory materials 311 

to adulterate white lead 204 

Clay, washing of. 333 

Clays for white ware 87, 92, 108, 114, 203 

Clay of pipe clay bed » 56 

and sand, laminated 57 

of laminated cla^ and sand bed 58 

bed associated yfith feUUpar 59, 63 

and lignite beds 73 

Clays between South Amboy and Stoneware clay bed 68 

at Bennett's mills 254 

near Bethlehem 261 

at Billingsport 251 

Bricksburg 254 

Bridgeport 252 

British, list of. 344 

outcrop near Clarksville 233 

•of James Conrad 258 

bank of Isaac De Cou 237 

in Delaware 252 

at Edgar Brothers' feldspar pits 137 

banks of Joshua Eayre 242 

at Flemington 264 

at Florence 242 

from Germany 301, 354 

of Charles HampAhire 245 

bank of J. D. Hylton 246 

pits of Israel Lacey 238 

at Lawrence station 233 

from Missouri 344, 351 

of northern New Jersey 261 

southeastern New Jersey 254 

southern New Jersey, analyses of. 300 

Mount Misery 256 

bank of Mulforrf & Pine 241 

at Newton 264 

in Ocean county 254 

from Pennsylvania 341 

southwest of Princeton Junction 233 

at Red Bank 251 

pits of David Kulon 2.S4 

Fouth of the Raritan, details of 174 

at Sinjjack 204 

on the Stanton tract 255 

on Staten Island 66 

at Ten Mile Run 231 

bank of H. I. Tinsman 244 

at Trenton 233, 236 

at West Milford 263 

in vjciuitv of Tuckerton 258 

additional locJiliticH, see list under Directorv 

Clay marls and greensand 75 

marls, Bordentown 239 

Coal, hrown, or lignite 75 

borings for 140 

Coast, shallow water off New Jersey 305 

CobKntz, (itrmany, clay from 301 

Coiiijuon, M., fire sand piu» of 150 
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Page. 
Composition of clays ....^...... 267, 297 

Conwav's clay 173 

Conrad's clay pits 2''>8 

Coleman, J. N., eHtate, clay 205 

Coloration of clays by oxide of iron « 62, 67, 72, 134, 191, 279 

Copper in clay 43, 80, 280 

Copperas in clay 199, 277 

Cornwall clays, analyses of. ». , 301, 352 

discoyery of kaolin in '. „ 309 

Constitution, chemical, related to fusibility.. 292 

physical of clays 292 

Cranbury, clay outcrops at .!..... 231 

Cretaceous age of plastic clays 28 

age, first deposits of, in New Jersey 44 

Crossman Clay and Manufacturing Company, eastcla}' bank 144 

middle clay bank 146 

wentcrn clay bank 147 

borings of. 148 

works 148 

Crossway Brook Valley 211 

Cnicibles for glass works 313 

OuctUlea arUrarsa 30, 57, 154 

Cutter, Hampton & Sons clay banks 105 

William, clay bank 109 

£., farm, clay and kaolin Ill 

OyaiKophyUoid corals 30 



Dally, Charles M., clay banks of. ., 88, 168 

Samuel, on history of clay digging 1 

clay banks 94, 157 

fire sand pits of. 131 

DaphnophyUum 29 

Dayton, wells at 231 

De Bow, John, clay pits of. 136 

Decomposition of rocks forming clays 262 

De Cou, Isaac, clay bank of. 237 

Delaware, clays in 252 

analysis of. 300 

Delaware riyer clays, equivalents of on Raritan bay 75, 245 

course of. 239, 252 

Denudation at Kinkora 242 

of clay bed illustrated 326 

Derbyshire, clay from 346 

analysis of. 301, 352, 353 

Descriptions, local, of Middlesex county clay district 76 

Details of beds south of the Karitan 174 

Devlin farm clay 174 

Digging clay 327 

kaolins and feldspars 332 

pits in search of clay 321 

Dinas bricks 312 

"clay,'' analyses of. 353 

Dip of beds of clay formation 36 

clay beds, examples showing 37 

change in 181, 206 

diminution in, to southeast 305 

of fireclay, examples of 144, 204 

Directory—Abbott, Dr. C. (^, clay of. 237 

Albion Mill, clay at 238 
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Directory — AnderBon, Aaron C. & Co^ clay pits of. 235 

AnnesB, Charles & Sons, clay pits of. 115 

feldspar pits of. 117 

Appleget, Charles H., clay of. 254 

Ayers, David, clay banks of. 86, 93 

Benton, W. H. P., clay pits of. 113 

Berry, William H., clay banks of. 82, 85, 93, 98 

Bethlehem, clay near 261 

Bissett, James, clay bank of. 180 

Bonharatown, clays in yicinity of. 161 

Bordentown, clay in bluff at 239 

Brick, J. K., £8tafe, clay bank of. 195 

Bricksburg clay pita 254 

Campbell, Aug., clay pits of. 141 

Charles A. & Co., clay banks of. 150 

J. H., Estate, clay bank of. 86 

Carman, T. L., clay pits of. 162 

Clark, Mrs., clay pits of. 205 

Coleman, J. N., Estate, clay and fire sand 205 

Compton, M., fire sand pits of. 159 

Conrad, James, clay pits of. 258 

Conway's clay pits 173 

Crossman Clay and Manufacturing Company, clay banks of 144 

Cutter, E., farm, clay on Ill 

H., & Sons, clay banks of. 105 

William, clay banksof. 109 

Dally, Charles M., clay pits of. 88, 168 

Samuel, clay banks of. 94, 157 

fire sand pits of. 131 

DeBow, John, fire clay pita of. 136 

DeCou, Isaac, clay bank of. 237 

Devlin farm clay 174 

Disbrow, A. J., clay of. 180 

Dixon, William B., fire clay pits of. 78 

Easton and Amboy railroad cuts, clay in 133 

Eayre, Joshua, clay bank of. 242 

Edgar Brothers, clay pits of. 156 

feldspar pitH of. 137 

Edgar. William P., clay banks of. 81 

Ellison, B., clay pits of. 165 

Ernst, Otto, cla^ pits and minesof. 217, 218 

Everett & Pernne.clay pits of. 207 

Fisher, Peter, brick clay pits of. 182 

Flood, David, clay banks of 84 

clay and fire sand pits of 158 

Isaac, clay pits of. 110 

<& Son, clay bank of. 152 

Brothersclay bank 94 

Freeman & Vanderhoven, clay pits of. 103 

Forbes fsirm, feldspar bank on 119 

Furman, Noah, clay banks and mines of, 200, 212, 225 

Hall, A., & Son, fire clay bank of. 94 

kaolin pits of. 130 

Hampshire, Charles, clay pits of 245 

Hylton, J. D., clay banksof 246 

Inslee, Isaac, Jr., clay pits of. 103, 104, 127 

kaolin and fire sand pita of. 127 

Island farm, clay on 174 

Kirby, James, clay pits of. 252 

Knickerbocker Life Insurance Company, feldspar pits of. 124 

Kreischer, B., clay bank of. 100 

Lacey, Israel, clay pits of. 238 
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Directory — Laird & Fiirman, clay bank of. 200 

Larrabee'fl brick clay pits 255 

Lawrence station, clay at 233 

Lodge, B. A., clay bank of. 251 

Lough ridge & PowerH, clay bank of. 90 

Mac<^)pin, clay pitH at 2f53 

Manning, J. H., clay pit of. 132 

Martin, Nelson, clay uitsof. 170 

Muxfield & Parisen, iire sand bank of. 207 

Meeker. S. A., & Son, clay banks of. 98, 101, 102 

Melick Brothers, clay bank of. 101 

Merritt's Xao/in pits 129 

Morhy & Brown, clay on lands of. 170 

Morgan's clay bank 215 

Morgan estate, clay bank on 225 

& Fnrman, clay pits and mines of. 212 

Mount Misorv, clay pit« at« 256 

Mulford & pine, brick clay pits of 241 

Mundy, W. C. & E., clay pits of. 162 

Neukumct, J., estate, clay bank of. 149 

Newark Company's brick clay pits 177 

New Jersey Clay and Brick Company's clay pits 157 

Nugent, Joseph, clay of. 258 

Oliphant, Eayre, clay of. 258 

Perth Am boy, ^oo/m outcrop in 130 

Phillips. S. &., clay pits of 112 

Phoenix, George, clav pits of. 163 

Perrine, W. C, clay pits of. 207, 208, 211, 214 

Petit, W. a, brick clay bank of. 176 

Potter, L., clay pitsof. 80 

Powers & Loughridge, see Loughridge & Powers 

Karitan Clay Company, clay bank of. 150 

Ked Hank, Gloucester county, clay at 251 

Reynolds, Charles B., clay pitsof. 227 

Roberts, K. F., (Manning farm) clay pitsof. 133 

and J. M., clav pits of. 200 

Rose, E. R., & Son, clay pits of. 209, 212 

Ruddy, G. W., clay pits of. 80 

Rulon, David, clay pits of. 234 

Salamander Works, clay bank of. 88 

fire sand pitsof. 84 

Sayre & Fisher, fire clay bank of. 188 

brick clay bank of. 185 

Service & Tuttle, clay pits of. 182 

Shinier. S. L., see Bethlehem clay 

Smith, Theodore, clay pits of. 226 

South, Daniel, clay pits of. 235 

Stanton tract, clavs of. 255 

Such, Geo., clay banks of. 197 

Tappan, L. J., clay and fire sand of. 163 

Thompson, E., clay bank of. 87 

Tinsman, H. I., clay bank of. 244 

Toms River, clay at 254 

Townsend, E. N'. &J. L., clay pitsof. 256 

Union Clay Works, clay pits or. 257 

Valentine, B., fire s&nd j/eUUpar and kaolin pits of. 139 

Jas., clay bank of. 103 

kaolin pits of. 128 

R. N. & H., clay bank of. 153 

fire sand pitsof. 155 

Van Deventer, F. clay of. 184 

Van Horn, J., clay of. 170 
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Directory — Watrous, D., feldspar bank of. 124 

Watson, J. R., clay bank of. 97 

Weber, A., clay bank of. 143 

Webster, Isaac, clay pits of. 231 

Weidner, W. N., feldspar bank of 119 

claypiteof. 138, 170 

White, E. D., & Co., see J. K. Brick estate 

Whitehead Brothers, Aoo/in of. 178 

tire sand and moulding sand of. 194 

clay banks of 190, 193 

White Hill, clay in bluff at „ 240 

Willett & Yates, clay bank of. 178 

Wood, Jas., clay bank of. 187 

Woodbridge Clay Company, clay bank of. 140 

Worthington, H. F., clay bank of. 182 

Disbrow, A. J., clay 180 

Dixon, William B., clay pits 78 

Door knobs, clay for making 216 

Dowlab, Wales, analyses of clay 352 

Drainage, Middlesex county clay district 13 

of clay pits 330 

Drain pipes, clay for 313 

Drake, Koss, clay on lands of. 230 

Drift, Forbes* farm, Fig. 1 120 

glacial, in Middlesex county 14 

and modified (cut) 171 

of yellow sand and g^vel 17 

sand and gravel, source of. 20 

89, 93, 95, 118 

sand 188 

at J. K. Brick's bank 195 

George Such's bank 197 

Trenton 237 

at Whitehead Bros.' clay bank 191 

Dubuisson's brick clay pits 255 



Earthenware 307 

EuHton and Araboy Railroad cut**, clay 132, 133 

Eavre, Joshua, clay banks of. 242 

Ebb ancf flow structure of sand 125 

Economic uses of clay 307 

Edgar Bros.' clay bank .\ 156 

feldspar pits 137 

William P., clay bank 81 

Edgar's Station, clay 78 

Elevations in the clav district of Middlesex countv 8 

of the clay beds 10 

Ellison, B., clav 105 

EroHion of clay bi>ds 42, 50, 66, 71, 85, 153, 187, 194, 198, 220, 242, 326 

Ernst, Otto, borings of 211 

clav mines of 217 

opinions of 220 

Equivalency of clays on Raritan bay and Delaware river 75, 245 

Equisctum, rootlets in clay 28 

Everett's, J. H., clay near 233 

Everett and Perrine, clay pits of. 207 

Perrine's pits, fossils in gravels at 30 

Evens and Howard, clays from 301, 344 

Exploring for ch»y 319 
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Exploration by phafts 209 

Explofiiona of gas in day mines. 223 



Favosites 30 

Feldspar in clay 262, 276 

Trenton with kaoliniU plates 282 

Feldspar, described 61 

analyses of. rs2, 298 

in fire brick mixtures 311 

localities, see Dirtdory 

microscopical examination of. 282 

mode of dig^ng 332 

origin of. 62 

refractoriness of. 122 

size of Quartz grains in 137 

unsortea character of. 31 

and kaclinhedA 59 

bed, elevation of. 11 

on Staten Island 64 

relation of, to fire clays 65 

use of terms 61 

of Anness* bank 118 

• J. N. Coleman estate 205 

pits, Edgar Bros 137 

of Forbes farm « 119 

J. H. Manning clay pit 132 

and kaolin, at E. F. Roberts' pits 136 

B. Valentine's pits 139 

Feldspathic nodules in clay 237 

Fire, behaviour of clays in 289 

bricks, manufacture of 311 

statistics of. 312 

clays, British, list o£. 344 

analyses of 301, 352 

chemical composition of 297, 351. 352, 354 

fluxes in 294 

from France 347 

fusibility and refractoriness of.. 289 

from Germany 301, 349, 354 

clay for glass pots 80, 313 

clays, localities of, see list under Directory.. 

properties of. 283 

clay, for retorts 313 

clays, statistics of..... 2, 312 

clay, white 147, 149, 151, 155, 189 

damp in clay mines... 223 

sand, analyses of. 160 

as tempering material 311 

bed, localities of... 46 

character of materials of... 47 

Chan. A. Campbell & Co 152 

of M. Compton.. 159 

Samuel Dalby 131 

David Flood 158 

Isaac Inslee 127 

Island farm 175 

Pensauken creek 248 

South Amboy 207 

Jackson Tappan 163 
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Fire Rand of B. Valentine^B pits 139 

R. N. & H. Valentine 165 

Whitehead Bros 194 

tests of clav 302 

Bhalea for fire bricks 312, 342 

Fish bones in clay 87 

Flint boulders in clay bank 236 

Flemington, brick and tile manufacture at 264 

Flood Bros., clay bank 94 

David, clay pits of. 84 

fire sand and clay pits 158 

Isaac, clay pits southwest of Woodbridge 110 

<& Son, clay bank of. 152 

Flora, fossil of the clay formation 28 

Florence, black clay at .^ 245 

Heights, clay in bluff at 242 

Fluxes in fire clays 294 

Fly-specked clav 210 

Forbes* farm (\V*. N. Weidner) /e/dwpor bank 119 

clay pits 123 

Forest on glacial drift, character of 15 

Formations, Geological in New Jersey 24 

Formation, Plastic clav, boundaries of. 26 

Formulas for clavs of i^ew Jersev 269, 271, 272 

of kaoliniie .*. 269 

Fossils in the clay formation 27 

Fossiiiferous pebbles 30 

Foundry sand. 191, 194 

Frankenthal clay, analysis of 301 

Freeman & Vanderhoven clay pits 163 

French fire clavs, analyses of. 302 

clays received, list of. 347 

Frost, Chas. & Co, clays from 343 

^ront brick, clay for 185 

F\iel in clays, as lignite 291 

Furman <fe Laird, clay bank of. 200 

Noah, clav bank and mines, Chesquake creek 225 

Fusibility and refractoriness of clays 289 

affected by constitution of clays 292 

Fusing point of clays 291 



Gabb, W. M., on shells found in clays 29 

Gaps in clay beds 50 

Garnkirk clay 345 

analysis of 301 

Gas retorts of clay 313 

Gases, explosive, in clay mines 223 

Genth, F. A., analysis of kaoUnitehy 351 

Geo^rai>l)y of the Middlesex county clay district 5 

Geological origin of the clays 304 

section of formations in New Jersey 25 

sketch of New Jersey 24 

struetiire of clay district of Middlesex county 3^i 

Geology of clay district of Middlesex county 23 

southejustern New Jersev 305 

Germany, clays from 301, 3-11), 350 

German glass pot clay 313, 354 

Germany, borings for brown coal in 323 

Gillmore, Gen. Q. A., on strength of brick and natural stone 315 
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Glacial drift f^ 

cut illustrating 120 

examplen of. 89, 93, 95, 101, 118, 121, 124, 145, 149 

thickncHs of. 16 

wefltern limit of. 149 

and modified drift 171 

yellow sand and gravel 95 

Glassmakers' cruciblo8 or pots 313 

Glass potclay 80, 313 

Newcastle, Delaware 253 

sand bed, dip of. 305 

sands of New Jersey, origin of. 305 

Glazing of clays 307 

Glouci^Hter countv, chivs in 251 

Glenboig star fire clay 345 

analyses of. 301, 353 

Glypioalrobus gracillimus 29 

Gneinsic rock belt noutheast of clay formation 305 

rocks, decomposition of. 262 

Gordon's Oazeteer on clays of New Jersey 1 

Gouge spade use<l in digging 329 

" Oranite" pits 119 

Granite, resistance of, to crushing 315 

Gravel with fossils 30 

and sand 17 

yellow sand, source of. 20 

*sand drift 93 

and boulder drift (cut) 120 

glacial drift 171 

Great swamp, clay deposit in 264 

Greiner, M., clays from 349 

Green sand in clay marls 75 

of New Jersey, origin of. 305 

Grover, J. D., farm, clay on 231 

Gruenstadt clay, analysis of. 354 



Hackensack, brick manufacture 264 

Hall, A. <& Son, clay bank of. 94 

kaolin pits 130 

silica brick of. 312 

white bricks of. 316 

Halifax, Yorkshire, England, clay 

analysis of. 301 

Hamilton S(iuare, drift at 234 

township, Mercer county, surface of. 234 

Hampshire, Charles, pits of. 245 

Hayes, William, clay pits of. 214 

Heat, effects of, on clays 289 

Helderberg, Upper, fossils in gravels 30 

Herberts vi lie. Old Bridge pottery 1 

Higbee, M., borings made by 188, 190 

Historic*al notice of clay digging 1 

Hoisting clay out of pits 331 

Hokessin clay, analysis of. 300 

Delaware, kaolinite plates in 282 

Hollow bricks 316 

Hoy, J., clay in well of... 230 

Hunterdon county, clay in 261, 264 

Hutchinson, Jas., mills, locality for exploration 234 
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Hydraulic cement manufacture 318 

Hydro-K^rbons consumed in fire 290 

Hydro-carbonB from lignite ^ 223 

Hygroscopic water in clays removed » 289 

Hylton, J. D., clay banks of 246 

I. 

Illinois clays from 301, 3 

Imports of pottery 310 

Indianaite 

analysis of 301 

Inequalities in clay, Hylton's bank 249 

Infusibility of clays 291 

Inslee, Isaieu;, kaolin and fire sand pits 127 

jr., clay pits (southwest of Woodbridge) 103 

(Perth Amboyroad) 104 

clay pits 127 

Iron, oxide o^ cementing sand 106, 186 

discoloring clays.. 52, 63, 67, 72, 85, 134, 191, 210, 279 

a fluxing agent in claya» 294 

removal of- 191, 309, 334 

(sulphide of) in clays 217 

decomposed by heat^ 291 

Island fturm clay and fire sand 174 

cr. 

Johnson & Blake, reference to paper of. 281 

Johnstown, Pa., clays from 342, 351 



Kaolins, analyses of. 299 

Kaolin of Bethlehem. 262 

in Cornwall, discovery of. 309 

Pasfuiu, analysis of. 354 

at Trenton...' 236 

Zettlitz, analysis of. 354 

Kaolin, analyses of 63, 130, 299 

extraction of. 332 

mica in« *J76 

origin and use of word 281 

size of grains in 131 

source of 31 

Jas. Bissett's bank 180 

at J. K. Brick eHtate bank 196 

of E. Cutter farm Ill 

Joshua Eayre's clay bank 244 

ForUs' farm 121 

A. Hall's pite 130 

J. I). Hvlton's bank 248 

at Kearnev clay bank 204 

Merritt's pits 129 

in Perth Ambov 130 

E. F. & J. M. Roberts clay pits 201, 202 

Sayre & Fisher, fire clay bank 189 

on Staten Inland 64 

B. Valentine's pits 139 

pits, James Valentine 128 
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Kaolin^ Washington and New Branswick road 177 

Whitehead estate, Washington 178 

at Whitehead Brothers clay bank 192 

and feidipar beds 59 

bed, eleTStion of. 11 

E. F. Roberts pits 136 

use of terms. 61 

Kaolinilej composition of. .* 269 

Tamaqua, Pa., analysis of. 351 

under the miscroscope 281 

B.nd phioUrite, paper of Johnson & Blake on 281 

Kaolinization of feldspar 276 

Kearney clay bank 203 

tract 200 

Keyport, bricks made at 316 

Knickerbocker Life Insurance Company feldspar, fire sand, clay pits 124 

Kinkora, clay for brick making at 317 

section at. 240 

Kinsey's Corner, feldxpar at 123 

Kirby, Jas., clay on lands of. 252 

Koch, Julius, zirconia determined by 274 

Kraner's Mill, clay near 229 

Kreischer, B., clay pits 100 



Lacey, Israel, clay pits of. 228 

Laird <& Furman, clay bank of. 200 

Laminated clay and sand bed, localities of. 57 

thickness of. 58 

characters of 58 

Washington 182 

sand and clay above Stoneware clay bed 72 

at Bordentown 239 

structure 58, 73, 240 

Lamination, oblique, of sands 19, 81 

Lanning, William, section of well of. , 245 

Larrabee's brick clay 255 

Lawrence brook, clays along 229 

station, clay at 233 

Lead, white, adulterated by clay 204 

Leaf bed and sandy clay 53 

localities of. 54 

Sayre & Fisher clay bank 186 

Leaves, fossil in clays 27 

Leaf impressions. South Amboy 206 

in clays.. 87,* 102, 103, 128, 141, 145, 154, 195, 196, 206, 237, 244 

Lehigh Valley Railroad Company's boring, Perth Amboy 183 

Lertquereux, Leo, on fossil leaves of the clays 27 

Lignite, analysis of. 75, 279 

in clays, amount of. 56, 107 

consumed bv fire 279, 290 

in clays .....'. 54. 82, 104, 107, 128, 142, 154, 179, 186, 197, 223, 256, 278 

greensand beds 305 

the Raritan clav bed 44 

beds... .' 73 

analysis of. 75 

Lime in clays 109, 295 

and magnesia as fluxes in clays 294 

Limestone, strength of. 315 

Local details of beds north of the Raritan river 76 

south of the Raritan river 174 
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Past. 

Lodge, B. A^ clay bank of. 251 

Loaghridge and Power's clay bank 90 

Macon, France, analysiR of clay from 302 

Magnolia aliemans 29 

capellini 29 

Magnesia as a flux in fire clays 294 

Manning, J. II., clay pit 132 

Manufactured products from clay 307 

Map of Middlesex county clay district explained 22, 324 

Marine origin of greensand beds. 305 

Marls, clay at Boraentown 239 

Marl, clay at Kinkora 241 

Martin, Harrison, clay of. 162 

NelHon, clay of. 170 

Martin's Dock, fossil pebbles at 30 

Marsh, tide, in Middlesex county 7 

Matawan and Keyport, number of bricks made at 315 

Maurer, Henry, hollow brick manufacture of. 316 

Maxfield and Varisen, fire sand bank 207 

Meeker, S. A., clay banks 98, 101, 102 

Melick Bros., clay pits 101 

Menae/xinite in clays 275 

Merritt's kaolin pits 129 

Mercer county, clays in 233 

Metuchen, clays south of. 162 

Micas in clays 276 

Micaceous sand bed 59, 118, 122 

Mickelina- 30 

Microi<copioal examinations of clays 280 

Micaceous sand bed, localities of. 58 

thickness of. 59 

nature of materials in 59 

Middlesex county, clay outcrops in, west of clay district 229 

clays in western part of. 2^^ 

clay district, boundaries of. 5 

configuration of surface 6 

elevations in 8 

beds, general section of. 38 

district, geography of. 5 

geology of. 23 

local details of. 76 

map described 22, 324 

tide marsh 7 

fire bricks made in 312 

Milltown, clay near 229 

Millstone river, valley for exploration 231 

Mineral Point, Pa., clay, analysis of. 300 

Mining clay by underground work 331 

examples of. 208, 213, 217, 221, 22(>, 237, 238, 2G1 

Mincri, AmlKJv clav 218 

Miry Kun, clays along 234 

Missouri, clays from 34, 301 

Moisture in clays removed 289 

Morbv c\: Hrown, clay 170 

Morgan's clay bank 215 

Morgan estate bank 225 

& Furraan pits and mines 212 

Morrii?, Chjis., clay of. -..- 250 
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Mottled clav8, see clajrs spotted 

Moulding sand 220 

Mount Misery, clay at 266 

Mount Savaffe clay, analysis of. 300, 341, 351 

Muhlheim clay, analysis of. 354 

Mulford & Pine, clay bank of. 241 

Mundy, W. C. & E., clay pits 162 

Muspratts Chemistry, analyses from 354 

Mutton Hollow clay banks 94, 1U2 

IT. 

Neukumet, John, estate, clay bank of. 149 

Newark Company's clay bank 177 

Newcastle, Delaware, clays 253 

Newton, brick clay at 264 

New Jerney Clay and Brick Company clay pits 157 

New Jersey, geology of 24 

New York and Long Branch Railroad cut 129 

Nigrinc in clays 275 

North Chicago Rolling Mill Company, clays from 343 

Northern New Jersey, clays of. 261 

Nugent, Jos., clay of'. \ 258 

o. 

Ocean county, clays in 254 

Old Bridge, clays in vicinity of. 181 

Oliphant, Eayre, clay of. 258 

Oxide of iron in clavs 279 

' localities 62, 63, 67, 72, 85, 134, 191, 210 

as a flux in fire clays 294 

Origin, geological, of the clays 304 

OrihU hippanonyr 30 

Oxyhydrogen blowpipe melts clays 292 



Palmyra, clay at 246 

Paper clay 108, 156, 198, 202 

analysis of. 203 

glazing, use of clay for 317 

manufacture, use of clay in 317 

Parisen & Maxfield fire sand bank 207 

Parson's mills, clav near 229 

Passaic countv, clay in 263 

•f f ft 

valley, clays in the 264 

Passau, Bavaria, clay 354 

Pebbles containing fossils 30 

Pensauken creek clay 246 

Pennsylvania Stee^ Company, clays from the 341 

clays .'. 300, 341, 351 

railroad cuts near Princeton Junction 233 

Petin, Gaudet et Cie, clays from 347 

Perc^'^s Metallurffy, analyses from 352, 363 

Perrine, W. C, clay pits near Camden and Amboy Railroad 211 

of, west of South Amboy 209 

near South Amboy 207 

CroBSway brook 214 
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Penea NebrcacensU 29 

Perth Amboy, boring at 188 

elevations in vicinity of. 9 

kaolin in 180 

Petit, W. 8., clay bank of. 176 

foBsil leaves at 28 

Petty's distillery, clay at 230 

Pipe clay (top white) bed, character of clay of. 66 

fossils in 57 

localities of. 55 

Phillip, S. G., clay pits 112 

Phoenix, George, clay 163 

Pipes of sand in clay 249 

sewer and drain, clay fur making 313 

Pits, mode of digKing 328, 329 

for testing clay sround 321, 323 

location of. 324 

Plastic clay formation, boundaries of. 26 

subdivisions of. 33 

columnar section of. 34 

southwest end of, in New Jersey 252 

Plasticity, superior, of New Jersey clays 309 

PlaianuB Heerti 29 

Poplar Hill, elevation of. 7 

thickness of drift in 16 

Porcelain 308 

clays from decomposition of rocks 262 

Cornwall, analyses of. 301, 352 

clay from Indiana » 300 

Passau, analysis of. 354 

Portland cement, use of clav in making 317 

Potash, amount of, in best nre clays 295 

as a flux in clays 295 

in clays, how determined 34 

Potter, Lewis, clay pits 80 

Potters Association 310 

Potteries in N. J., historical notice of. 1 

Pottery manufacture at Trenton 309 

Pottery, statistics of. 310 

Prices of clay 1, 3 

Princeton Junction, sandy clay near 233 

Proteoides daphnogenoidea 28, 29 

Pumping water out of pits 331 

Purification of clays by washing 333 

309 

Pyrite in South Amboy fire clay bed Cu 

clay 192, 198, 201, 213, 231), 277 

removed by washing 198 

sorting 201 

how affected by heat 291 

Q,. 

Quartz in clays 273 

gniinsin feldspar 12'3 

pebbles in clay lOo, 149 

as refractory material 311 

Quercus 29 

Quicksand in borings ^'»22 
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Page. 
Rammelsberg's analyniB of nigrine 276 

Rancticaii creek, clay along 245, 250 

Raritan bay clavK, equivalentB along Delaware river 75, 245 

nhoVe, clay along 73, 75, 205, 215 

clay bed, outcrop near Ten Mile run 23«S 

fire clay bed, analysis of clays of. 46, 297 

localitiefl of. 45 

potters' clay bed, analynefl of clay8 43, 297 

character of clavflof. 43 

dip of. ' 40 

elevations of. 10 

inequalities in, localities of, thickness of. 42 

Clay Company's bank 150 

river, bricks made in yards on 315 

Raising clay from pits '. 331 

Red Bank, clay at 251 

clays 191 

shale in sand and gravel drif^ 19 

outcn>p in clay formation 21 

under clav 172 

drift .* 15 

Refractoriness of clays 289 

Refractory materials, analyses of. 297 

use of clays for 311 

Resistance to crushing of bricks and stone 315 

Retorts for gas maker s upe 313 

Reynold's, Chas. B., clay pits 227 

Rhenish clavs, analvses of 354 

Rhode Hall, deep wells in vicinity of. 231 

Richters on fluxes in clays 295 

Rider's lane, clay in '. 229 

Ridgway tract 197 

Ridgway, A. Newton, brick of. 314 

Riley*s analyses 353 

Roberts, E. F., clay pits 133 

analysis of clay of. 135 

feUliqxir and kaolin at pits of 136 

& J. M., clay banks 200 

Rogers, Prof H. D., on Wciidbridge clay 2 

clav at Albion Mill 238 

Rose, E. R., & Son, clay pits 209, 212 

Ross, Jerome B., cluy on lands of 161 

Ruddy, George W., clay pits 80 

Rnlou, David, clay pits 234 



Saarau clays, analy.^es of. 354 

Salix protcrfolta 29 

Salamander works, fire sand and pits 84 

clay bank 88 

Sand and gravel drift 17, 81, 89, 93, 99, 118, 121, 125, 149, 171, 175, 178, 188, 195, 

197,231. 

thickness of. 18 

source of materials 20 

Anness' pits 118 

at Forbes' farm bank 120 

drift, at Trenton 237 

Woodbridge 89, 93 
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Pagew 
Sand cemented by oxide of iron 106, 186 

drift, at J. K. Brick clay bank 195 

Sayre & Fisher clay bank 188 

George Suck's banks 197 

at clay bank of Whitehead Broe 191 

in extra sandy clay 9(J 

clays of Woodbridge fire clay bed 63 

of fire sand bed 47 

laminated clay and sand bed 58 

in micaceous sand bed 59 

fusibility of. 293 

hills, clay lands west of. 233 

mawet*, inclay 151, 220, 249 

moulding 220 

Whitehead Bros 194 

tendency to form slags 294 

Sandstone, resistance of, to crushing 315 

Sandy clay, including leaf bed 53 

location of. 54 

Ridge, Pa., clay 351 

SoBBafras {Araliapais) 29 

Sayre and Fisher, brick clav bank 185 

fire clay bank 188 

strength of brick of 314 

white brick of. 316 

Sayreville, fossil leaves found at 29 

Schneider & Co., Creusot, clays from 347 

Scotch fireclays 345,353 

Searching for clay 319 

Section, columnar of the plastic clay formation 34 

general, of Middlesex county cla^ beds 38 

geological, of New Jersey formations 25 

ideal, illustrating available land 326 

vertical, at Charles Anness & Sons clay pits 110, 117 



feldspar hank 117, 118 

IK.. 



David Ayers' clav bank 86 

W. H. P. Benton^s clay pits ; 113, 115 

Wm. H. Berry's clay bank 83 

Jas. Bissett's clay bank 180 

Boidentown, river bluff. 239 

J. K. Brick's estate, fire clay bank 195 

potters clay 196 

Charles A. Campbell <& Co.'s clay bank 150 

J. H. Campbell's estate clay bank 86 

Crossman Clay and Manufacturing Company's clay bank 144 

boring 148 

H. Cutter & Sons' clay banks 100, 107 

W. Cutter's clay banks 110 

Joshua J)avre'fl clay banks 242, 243 

Wm. P. p:dgar's clay banks 81 

Edgar Brof^.y feldspar bank 137 

B. Ellison's clay pits 107 

O. Ernst's clay mines 219 

David Flood's clay pits 84 

fire sand and clay pits 158 

Isaac Flood's clay pits 110 

Forbes' farm /eZdspar bank 121 

horizontal, at Forbes' f&rmfddspar bank 120 

vertical, at Freeman & Vanderhoven's clay pits 104 

Noah Furman's clay bank 225 

J. D. Hylton's clay bank 240, 248 

Wm. Hayes' clay pits 214 
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Section, vertical, at I. Inslee, Jr., clay pitH 103 

127 

Kinkora, river bluff. 240 

B. Krciricher^s clay pit« 100 

Knickerbocker Liie ^n^4uranceCompaIly'H/4r^/Jty)rlr hunk. 124, 125 

Wm. Lanning*H well, Florence 245 

Lehigh Valley Railroad Comimny'H well, Pi*rtli Anilxtv 183 

K. A. Lodge'H clay pitu ! ! 2f51 

I^>ughridfce & Powere' clay bank 90 

J. il. Manning'fl clav pit 132 

S. A. Mwker'H clay bankH 08, 102 

M(»r>rim'8 clay ban kK... 215, 21(>, 225 

Morgan 1^ Fiimian'H pits and mines 213 

\V. C. A K. MundyV clay pits 162 

J. Neukiimet'8 estate clav bank 349 

S. G. Philliiw*' chiv pit«..* 112 

W. (;. Perrine'8 day pits 211 

W. S. Petit's clav bank 176 

K. F. Robert**' clav bank VM 

E. R. Rose A Son's clay pitn iilO, 212 

Salamander WorkH, clay bank 88 

iSayre A Finher^H brick clay bunk 185 

fireclay l*>auk 188 

Geo. Siich's fire clay Iwink 197 

K. N. * J. L. TownWnd's clay pits 256 

Union flay workH, day pits 257 

James Valcntine'H clay pitH 103 

kaiilin pits 128 

R. N. A II. Valentine'8 clay bank 153 

J. R. Watson's day bank 97 

A. Welwr's day bank 143 

horizontal, at W. N. Weidner's day bank 171 

vertical, at Whitehead Brothers' clav bank 191 

fire sand pits 194 

White mil, river bluf!. 240 

Willett A Yates' day bank 179 

WcMxlbridge Clav Omipjinv's «'lay bank 140, 142 

H. F. Worthington's well..* 183 

Sequoia eomlita 29 

JUichenbarhi 

Smitksiana rifjula 

mbuUJa 

Service & Tuttle, day pits 182 

Seven Stars Hotel, dav near 255 

Sewer pipe use of day for 313 

Shafts for exploring for clay 209 

Shale and dav in ccmtact. 42 

inclavs 280 

mo<lirii'<l drift 171 

undtT day formation 140. 172, 231 

with day .' 169 

Shales, fire, for fire bricks 312 

Sheffield, England, davs, analyses of. 352 

ganister, analysis of. 353 

Shells, fossil in clays 29 

in th«' greensand formation 305 

Shipping clay, modi.' of 333 

Shimer, S. L., day mine of. 261 

Shore, shallow water off. 305 

Shrinkage of clavs 289 

Siemens, Dr. C. W., clavs from 345 

BUica bricks .'. 312 

25 
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Page. 

Silica, excese of in stoneware clays 271, 293 

in clays, determination of. 340 

in excess .' 176 

proportion of, to alumina for refractoriness 296 

as sand, refractory property of. 293 

Silicates of alkaline bases in fire clays 295 

Singack, brick clay at 264 

Slagging tendency of sand in clays 294 

Slate rocks disintegration of. 264 

Smith, Theodore, clay pits 226 

Solomon's Run, Pa., clay 342 

analysis of. 300 

Soree, Belgium, clay, analysis of. 301 

Sorting of clays 204, 329 

South Amboy, clay at 205 

elevations in 10 

fire clay bed, elevation of. 12 

fire clay bed 64 

geography of...^ 64 

relations of to feldspar bed 65 

arrangement of materials 66 

character of clay 67 

analyses of clays of. 67 

density of 68 

bed, analyses of. 298 

Brunswick township clay in 280 

Daniel, clay pits of 235 

Southeastern New Jersey, clays of. 254 

Spa Spring clay near 112 

Specific gravity of brick 315 

clays, <&c 284 

Springfield, Pa., kaolin 342 

Spotted clays 52, 63, 67, 85, 134, 161,191, 198, &c 

Stanton tract, Toms River 255 

Staten Island fire clays 6(5 

kaolin 64, 131 

Statistics of brick clay 187 

bricks 315 

fire clays 2,97, 101 

and fire bricks 'M2 

pottery manufacture in United States 310 

SteraUia 28, 29 

Stoneware clay, statistics of. 3 

bed, elevations of. 13 

outcrops and localities 70,97, 100, 111 

thickness of 70 

irregularities of. 70 

characters of the clay of. 70 



analyses of. 



/ .: 



> 



irrejjularities in surface of. 218 

local details of piU in 209-228 

in vallev of Cros^wav brook 211 

clays, excess of silica in 272 

nature of. 308 

first made in New Jersey 309 

Stourbridge clay 301,344, 345 

analyses of 301, 352 

Stratified drift of sand and gravel 17 

Strength of bricks 314 

Strike of plastic clay beds 35 

Stromatopora 30 

StrophodorUa parva 30 
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Page. 

Btnicture, geological of the clay district of Middlesex county S3 

Such, Geo., clay banks. .'. 197 

analysis of clay of. 198 

mode of washing clay 333 

Snelus. Geo. J., on fluxing tendency of potash *J95 

" Sulphur balls 67, 191. 201, 203, 277 

Sulphide of iron (pyrite) in clays 277 

in clays, affected by fire 291 

Swaenger^s mills, clay at 231 

T. 

Tappan, Benjamin, clay 161 

L. J., clay 161 

Jackson, clay and fire sand 163 

Temperature, effects of, in brick making 316 

Ten Mile Run clays.. 231 

clay, identification of as Raritan bed 41 

Terra cotta, clays for making 313 

Terre Noire company, France, clays from 348 

Tests, fire, of clays 302 

of strength of bricks 314 

Thompson, Etlwanl, clay bank 87 

Tide marsh of Middlesex county 7 

Tidal meadows, alluvial character of. 21 

Tile, drain 316 

Tiles for roofing, made by H. Maurer 316 

Tinsman, H. I., clay bank of.. 244 

Titanic acid in clays 274 

behavior of, in fire 294 

methml of determination 275, 340 

mode of occurrence in clays 275 

Toms river, clay outcrop near 255 

Top dirt, removal of. 93, 123,155,202, 327, 328 

Topography of the Middlesex county clay district 5 

Top white, (pipeclay) bed 54 

localities of 55, 143, 145 

character of clay of. 56 

clay, equivalent of. , 186 

Trans[)ortation of clays 333 

Trenton, brick manufacture at 264, 315 

strength of. 31/) 

clays 235 

analyses of. 300 

potteries, statistics of 3 

pottery manufacture at 310 

Trial pits in search of clay 323 

Triassic shales under clay formation 40, 80, 140, 162, 168, 171 

Trucks and Parker, Delaware clay 300, 341 

Tuckerton clays 258 

TJ. 

Unavailable ground for clay 325 

Underground workings 331 

Unite<rStates Potters Association 310 

Union clay works 257 

Uses, economic, of clay 307 

Utica, Illinois, clay from 343 

analysis of. 301 
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Pa«e. 

Valentine, B., ^resandj fddspar and kaolin 139 

boring on lands of. 140 

James, clay pits 103 

kaolin pits 128 

R. N. & H., clay banks of. 153 

iiresand pits 156 

Vallendar clay, analysis of 364 

Vandeventer^ Freeland, clay 184 

Van Horn, John, clay of. 170 

Van Wickle's pottery 1 

Vats for washed clay 334 

Ventilation of clay mines 222 

Vivianite in fire clay 67 

Ware clay 87, 92, 108, 114, 203 

white granite 308 

Washing clays, mode of. 838 

of clays, examples of. 198, 199, 262 

Washington, clay banks near 177 

elevations in vicinity of 9 

kaolin, at 178 

Water in days, expulsion of. 289 

clay pits 330 

removal of. 331 

Watrous, D., feldspar pits 124 

Watson, J. R., clay bank 97 

firebrick first made by 1 

Weber A., clay bank of. 143 

Webster, Isaac, clay pitA of. 231 

Weidner's feid^tpar, see Forbes* farm 

Weidner. W. N., clay 138 

pits (Martinis Dock) 170 

Well at Perth Amboy 183 

Sayre & Fisher brick yards 187 

flowing, of H. F. Worthington 183 

WestMilford clays 2«3 

Wheatland, clays in vicinity of. 256 

Whitening clayt* 309 

White, E. D. & Co., clay bank 196 

fireclay 147, 149, 151, 155, 167, 164, 189 

granite ware '.... 308 

Hill, section of bluff at 240 

Whitehead Bros., clay bank 190 

eastern clay banks 193 

fire sand pits 194 

estate, kaolin 178 

Bros., fire sand bank (Island farm) 175 

Whitfield, K. P., on fossils of gravel 30 

Willett & Yates, brick clay bank 178 

Wiley, R. J., clay ])it8 (see Dally, Samuel) 

Winchester, Illinois, analysis of clay from 301 

Wood, James, clay bank 187 

or lignite in clay (see lignite) 

Woodbridge, elevations in vicinity of. 8 

clay pits, south of 102 

report of Prof. Rogers on 2 

Co., east clay pits 140 



INDEX. 381 

Woodbridge clay Co^ west pits ^ 141 

fire clay bed, waalyae&of clays of. 51, 297 

arranccement of materialsin 52 

character of clays of. 52 

elevations of 10 

localities of. 47 

thickness of. 48 

Woodland, Pa., clay 3 

analysis of. 300 

Worthington, H. F., clay bank 182 

flowing well of 183 

strengtn of brick of. 314 



Yellow Sand and gravel 17 

localities, 81, 89, 93, 99, 118, 121, 125, 149, 171, 175, 178, 
188, 195, 197, 234, 237, 255. 

Zirconia in analyses of clays 236, 274 

Zettlitz, Bohemia, clay analysis of. 354 



Errata. 



Page 12, twenty-fuxth and twen^-fleventh lines, read Isaac Inslee, Sr , instead of 
Knickerbocker Life Insurance Company. 

" 29, fourth line, read sequoia instead of sequvia. 

** 43, in analysis (3) of table, insert for titanic acid 1.30; and for total 100.04 in- 
stead of 98.74. 

'^ 51, in analysis (8) of table, 36.78 for alumina includes titanic acid. 

*' 62, third line of foot note, read alumina instead of silicic acid. 

" 66, fourteenth line, read 39 instead of 54. 

'' 82, fourth and fifth lines, read (3) in place of (2), and (2) instead of (1). 

" 83, analysis should be as in table, page 297 (No. 4). 

*' 99, for total of alumina, silicic acid and combined water read 47.17 instead of 
46.17, and total of analysis 100.70. 

" 108, sixth line, read (4) in place of (3). 

'^ 124, eighth line, read west instead of east 

^' 166, analysis should be as No. 3 in table, on page 297. 

^* 200, fifth line read east northeast instead of east southeast. 

" 245, second line read 75 in place of 225. 

** 269, in first column of table of analyses for water read 13.82. 

" 281, in fourteenth, fifteenth, twenty-ninth and thirty-fourth lines read, feldspar 
in place of feldspar^ and kaolin, in place of kaolin, 

'* 282, fifth line from top and third line from bottom same correction as page 281. 

'' 283, sixth line from bottom read 32 instead of 30.4. 

and fifth line from bottom read 16 instead of 15.02. 
and third line read 3,375 in place of 3,550. 

" 284, second line read 3,000 instead of 3,100. 

" 293, ninth line read period after accepted. 

*' 319, second line from bottom insert or between boring and pit 

** 329, second line for they read that, 

*' 330, fourteenth line read dirt for drip. 

** 345, tenth and fifteenth lines read ganister instead of gannister. 

" 348, In paragrapli seventy-seven, £k>llene clay, read ^lO. 71 instead of 72. 

" 352, fifth line from the bottom read Blaydon Bum in place of Blaydon Brown. 

'* 354, In paragraphs two and three read chemie for chemis ; insert 4 before 
Muhiheim and in same paragraph read chemie for chemis. 
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